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THE EXPERIMENTAL BASIS FOR THE PRESENT STATUS 
OF CORN BREEDING . 1 

Fkedkktck D. Richey . 2 

With an increasing knowledge of heredity, different systems of 
corn improvement have been proposed from time to time. The possi- 
bilities of progress under these methods has been the subject of 
experimentation, and it is the object of this paper to consider the 
results of these experiments in order to fix the present status of corn 
breeding. For convenience, methods based on self fertilization will 
be considered under pure-line breeding, reserving other sections for 
methods utilizing open-fertilized stocks. 

Qualitative improvement of corn without reference to the effect on 
yield is too well understood to warrant more than mention. Such 
characters as height: of plant or ear, angle of ear, number of suckers 
or ears per plant, type of car, and composition of grain have been 
altered almost at will. Mass selection, pedigree selection, and pure- 
line methods, alone or in connection with hybridization, have been 
used to secure such modifications. However, the main object of corn 
breeding is to increase production, and improvement, therefore, will 
be construed to refer to increase in yield. 

MASS SELECTION. 

Because of the large size of the seed units, the ears, a certain 

1 Contribution from the Office of Cereal Investigations, Bureau of Plant 
Industry, United States Department of Agriculture, Washington, D. C. Read 
in brief at the meeting of the American Society of Agronomy, Chicago, 111 ., 
December 31, 1920. 

2 Agronomist in corn investigations. 
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amount of mass selection has been practiced by corn growers since 
the earliest times, and the results of planting a mixture of shelled 
grain obtained without selection, as is the seed of the small grain 
crops, can not be imagined. It seems to be generally conceded, -how- 
ever, that this selection has been of the utmost importance in improv- 
ing corn and adapting it to the varying conditions under which it is 
grown. There also is ample evidence that success in adapting va- 
rieties to new environments may still b<^ achieved by the same method, 
either alone or preceded by hybridization. 

The ideas of the earlier corn breeders differed widely as to what 
constituted the best type of ear. This is shown by such varieties as 
Reid, Learning, Hickory King, Gourd seed, and the small-eared pro- 
lifics which illustrate differences in the ideals of the breeders who 
established them. Some growers even believed that it was undesir- 
able to select for a specific type, and made it,a point to include choice 
representatives of different types in each year’s selection. With in- 
creasing competition at corn shows, standards for judging the exhibits 
became desirable, and at the exposition in Chicago in 1886 the judges 
formulated a set of such standards for their guidance. In 1891 
Orange Judd prepared a score card for the Illinois State Fair at 
Peoria, and this was modified and adopted later by the Illinois Corn 
Growers' Association. Once conceived, the idea was quickly adopted 
in other States, and so was born the corn score card. 

In all probability seed value was not the important point at issue 
in these earlier corn shows — that is, a farmer’s ability to produce a 
fine corn crop by the use of good soil, good seed, and good cultivation 
was measured by the sample of the crop, not seed, that he showed. 
As early as 1895 Plumb (69, p. 56) 8 noted that such a score card 
“has no more value than a scale of points in judging butter, where 
the breed of cow and her profitable character are not considered." 
Nevertheless it was but natural to assume that seed selected on the 
same basis would produce increased yields. Accordingly, score-card 
selection was preached, printed, and sung. When such selection was 
practiced, however, the progress was not all that had been anticipated, 
and experiments were undertaken to determine what relation there 
really was between the physical characters of seed ears and yield. 

A large number of comparisons between seed ears differing in some 
specific character have been reported, based on the results of ear-to- 
row tests (5, 11, 22, 52, 56, 57, 58, 66, 67, 68, 76) and selection (66, 
89, 90). Slight differences were found between the yields of the 

a Reference is by number to “Literature cited,” p. 14-17. 



Table i. — Summary of comparisons between seed ears differing in some 

specific character . 


Number of comparisons reported and crop years covered. 


Seed ear 
character. 

Refer- 

ence. 

' 

Total. 

In favor of ears possessing designated 
character to the degree stated. 

Large. 

Medium. 

Small. 

Com- 

pari- 

sons. 

Crop 

years. 

Com- 

pari- 

sons. 

Crop 

years. 

Com- 

pari- 

sons. 

Crop 

years. 

Com- 

pari- 

sons. 

Crop 

years. 

Weight 

(5) 

16 

16 

15 

15 



I 

1 


(56) 

4 

4 

3 

3 



I 

1 


(56, 57) 

9 

9 

9 

9 



O 

0 


(5«) 

2 

11 

I 

4 



I 

7 


(66) 

6 

21 

5 

18 



0 

0* 


(89) 

2 

2 

2 

2 



0 

0 


Total. . 

39 

63 

35 

50 



3 

9 

Length 

(5) 

16 

I ft 

16 

16 



0 

O 


(ii) 

9 

33 

4 

14 

3 

I(> 

2 

9 


(56) 

4 

4 

4 

4 



0 

0 


(56. 57) 

9 

9 

6 

6 



3 

3 


(58) 

2 

11 

2 

II 



0 

0 


(66) 

6 

20 

4 

l6 



2 

4 


(90) 

10 

40 

7 

28 



3 

12 


Total . . 

56 

133 

43 

95 

3 

10 

10 

28 

Circumference . . 

(11) 

9 

28 

1 

1 

4 

17 

4 

IO 


(57) 

5 

5 

5 

5 



0 

O 


(58) i 

2 

11 

1 

4 



I 

7 


(66) 

6 

20 

3 

6 



3 

14 


Total . . 

22 

64 

10 

16 

4 

17 

8 

3i 

Shelling 










percentage. . . . 

(5) 

j6 

16 

6 ! 

6 

1 


i 

10 


(11) 

1 

1 + 

0 

0 

0 

! 0 

1 • 

1 + 


(56. 57) 

ft 

6 

0 

0 



6 

6 


(57) 

5 

5 

1 

1 



4 

4 


(66) 

ft 

21 

2 

8 



4 

13 


(90) 

6 

6 

2 

2 



4 

4 


Total. . 

40 

55 + 

11 

17 

0 

0 

29 

38 + 

Number of rows. 

(5) 

16 

16 

7 

7 



9 

9 


(11) 

7 

20 

0 ! 

0 

3 

’3 + 

4 

4 + 


(56) 

4 

4 

0 J 

! 0 

2 

2 

2 

2 


(56, 57) 

9 

9 

5 ! 

i 5 



4 

4 


(67) 

z 

1 

0 i 

1 ° 

1 

1 

0 

O 


(75) 

9 

9 

5 

! 5 

4 

4 

0 

O 


(90) 

13 

13 

2 

2 

4 

4 

7 

7 


Total . . 

59 

72 

J9 

19 

14 

1 

14 + 

26 

26 + 

Indentation.. . . 

(11) 

8 

31 

0* 

0 

1 

6 

7 C 

25 


(67) 

1 

I 

0* 

0 

I 

1 

i o* ! 

0 


(90) 

7 

7 

3 6 

3 



! 4 ° 

4 


Total . . 

16 

39 

3 b . 

3 

2 

7 

L 

29 


• One tie. b Rough. 6 Smooth. 
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various types, but these were too small to be significant in any one 
experiment and the conclusion has been practically unanimous that 
slight physical differences are of no value in determining the relative 
productiveness of good seed ears. For certain characters that have 
been studied most extensively, however, detailed results (5, 11, 56, 
57, 58, 66, 67, 89, 90) are now available covering a large number of 
comparisons. These have been summarized in Table I without regard 
to the size of the differences. 1 

Inasmuch as these data are based on comparisons between ears all 
of which were suitable for seed, the preponderance of evidence in 
certain cases seems convincing in spite of the fact that the determining 
differences in yield are small. There is every indication that selection 
on the basis of production, weight of ear in this case, is of value. 
Likewise it is indicated that it is preferable to obtain production by 
adding to the length rather than to the circumference of the ears, and 
that smoother, fewer-rowed ears with a lower shelling percentage 
than the standard show type are inclined to be the better yielders. 

These indications are in accord with the results Hughes obtained 
from a comparison of 500 unselected ears (34). He found that the 
best 50, as picked by the majority of the 25 men who judged them, 
yielded not over 5 bushels per acre more than the bulk of the ears. 
He also concluded that ears that are inclined to be smooth with larger, 
coarser kernels and with more space between the rows than generally 
have been selected probably are best. They also agree with the 
reported results of several direct comparisons between a long smooth 
type and the rougher standard show type (18, 20, 51, 60, 67, 71). 
Hutcheson and Wolfe (39) drew their conclusions from a study of 
the progeny, rather than of the seed ears. Even so, they found that 
the relation between yield and percentage of grain, number of rows, 
average length of kernels, and space between rows was small. 

It is possible that this superiority of the smoother, fewer-rowed 
ears was due to their persistence in a population selected too closely 
in another direction, as there is good evidence that close type selection 
may decrease yields (6, 54, 81). The superiority also may be in* 
herent, or may be due to better seed condition caused by better 
maturity and greater freedom from disease (31). Whatever the 
cause, it seems evident that they were slightly better yielders, and the 
further considerations of quality and disease resistance appear to 
warrant selection toward a longer, smoother, fewer-rowed type than 
heretofore has been recommended. 

The greater efficiency of producing a pound of grain on two ears 
rather than one has been noted by East (12) and is indicated by the 
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greater potential productiveness of the prolific varieties (73, 83, 84, 
85) and the influence of ear-bearing tillers on yield (21, 60). Selec- 
tion for 2-eared stalks has not always resulted in larger yields (70, 
71), however, so that the evidence favors total production per plant 
as a sounder basis for selection than either size or number of ears. 

Vigor, as measured by vegetative development, is associated with 
productiveness (10, 17, 19, 60, 61) and may serve as a selection index 
at an early period in the plant’s growth (19, 55). Selection for such 
characters as height of plant or ear, however, produces conflicting 
results as regards yield (35, 52, 70, 71, 74, 82, 90), depending on 
climatic conditions in the different localities or seasons. This is well 
illustrated by Montgomery’s results (61) in which plants having a 
14 percent larger relative leaf area produced more under conditions 
of abundant moisture, but less under a limited water supply, than did 
the less leafy plants. Therefore, altho various plant characters may 
be used as an index in adapting a variety to specific conditions, the 
results of Ewing (17) and Montgomery (60, 61) show that they are 
of little value in selecting for yield within an adapted variety. 

Finally, there is some evidence in favor of selecting under condi- 
tions of severe competition (49, 60, 90). These increases seem too 
small to warrant planting at excessive rates as a method of improve- 
ment, but sufficient to warrant the recommendation to select under 
conditions of uniform stand and fertility (88). 

The limits of progress under mass selection in the sense of cumu- 
lative improvement are not now, and probably never will be, known. 
Regardless of whether these limits have been reached with our so- 
called improved varieties or not, the evidence shows that mass selec- 
tion on the basis of production and quality, at least from the stand- 
point of maintaining yields, is entirely warranted. 

HYBRIDIZATION. 

Hybridization has a dual role in plant breeding. With corn, its 
use in securing new combinations for future selection has been com- 
mon in practice, whereas investigations have been confined largely to 
the value of its immediate utilization in the first generation. 

Following the results of Beal (1, 2) jn 1878 to 1881, experiments 
were conducted from time to time to determine the possibilities of 
utilizing first-generation varietal crosses to obtain larger yields. In 
the experiments reported prior to 1893 (*> 2, 40, 59, 63, 64, 75), 
14 of the 15 crosses tested produced increased yields. The method 
did not become popular, however, and was neglected until, after a 
lapse of some 16 years, the utilization of first-generation crosses was 
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again suggested by Shull (77), East (14), and Collins (8). Since 
then many crosses have been compared with their parents. Data on 
244 tests of crosses between standard varieties that have been reported 
in some detail (24, 26, 28, 30, 38, 46, 65, 90) have been summarized 
in Table 2. These may well be taken as representative of all, as a 
survey of other reported crosses (3, 4, 6, 8, 9, 14, 15, 20, 25, 26, 47) 
does not indicate that they would materially affect the results. 

Table. 2 . — Summary of 244 comparisons between first-generation crosses and 
the parent varieties of corn. 


N umber of crosses. 


Reference. 

Total . 

Leas 

than 

poorer 

parent. 

As compared 
with 

average of 
parents. 

Better than the better parent. 

Total. 

By the percentage stated. 



Above. 

Below. 


o-S. 

6-15. 

16-25. 

26+. 

(24) 

96 

4 

83 

13 

51 

14 

26 

9 

2 

(26) 

36 


29 

7 

19 

8 

8 

3 

0 

(28) 

2 

0 

2 

0 

0 

0 

0 

0 

0 

(30) 

33 

2 

28 

5 

22 

3 

9 

6 

4 

(38) ! 

4 

0 

3 

1 

1 

0 

1 

0 

0 

(46) ! 

SO 

2 

44 

6 

33 

18 

T 3 

2 

0 

( 65 ) i 

IO 

! 3 

3 

7 

! 3 

1 

2 

0 

0 

(90) ! 

i 

13 

2 

9 

4 

| 7 

6 

1 

0 

! 

0 

I 

Total i 

1 

244 

; 14 

201 

43 

| 136 

1 

SO 

60 

2° 

6 

Percentage . ' 

IOO. 0 

! 5-7 

82.4 

17.6 

i 55.7 

20.5 

! 24.6 

8.2 

2.5 


In these 244 comparisons 82.4 percent of the crosses produced more 
and 17.6 percent produced less than the average of the parents. / This 
is conclusive as to the tendency of hybrid vigor to increase yields. 
Moreover, 136 of these crosses, or 55.7 percent, produced more than 
either parent. In such more or less haphazard crossing, therefore, 
the chances seem about equal of obtaining a cross that is or is not 
better than the better parent. The chances of obtaining a really 
advantageous cross — that is, one which will produce significant in- 
creases over the best of the local varieties for a series of years — are 
much less than equal. The best evidence as to the tendency of 
crosses to produce similar results in successive seasons is that from 
the Minnesota station (30). Crosses compared for a period of from 
two to four years each indicate that really significant increases ob- 
tained in one season, in general, may be expected in other seasons. 
That this is not absolute, however, is shown by the same data, and 
by the results at the Connecticut station (46, Table X, p* 339). As 
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pointed out by Jones (46), this is no more than is to be expected 
from combinations of varieties, which themselves vary so widely in 
yield in different seasons. 

There appears to be a marked tendency (24, 26, 30, 46) for the 
largest actual yields to result from crosses between two varieties, both 
of which are high yielding, but which nevertheless differ considerably 
in type. The influence of the yield of the parents on the yield of the 
crosses is shown in Table 3. 

Table 3. — Comparison of first-generation crosses and the parent varieties . 
(Compiled from Minn. Agr. Expt. Sta. Bui. 183, Tables 2, 8, and 9, p. 10, 

18, and 19.) 

Yield in terms ! * I Cross exceeds the 

of Minnesota No. 13. Cross average of parents. 

Pistillate exceeds 

parent. t ; I Rustler i 

Pistillate Cross. yield. 1 Length j Number 

; parent. ! ■ j of ear. j of rows. 


Flour: 

Blue Soft 

Percent . 

96.7 

Percent .. 

- 32.5 

Percent . 

! 20.4 

l aches , 

0.8 

— 1.2 

Flints: 

Sm ut nose 

1 10.8 

127.6 

i 15-5 : 

0.6 

-0.4 

King Phillip 

100.0 

119.9 

7.8 1 

0.6 

-0.4 

Longfellow (NK) 

100.5 

119.6 

7.5 ; 

0.5 

-0.3 

Longfellow ( Bwls) 

104.9 

1 14.1 

i 2.0 1 

0.7 

“0.9 

Mercer 

91.8 

97-3 

! -*14.8 ; 

0.1 

-0.7 

Dents: 

Northwestern 

105-0 

1157 

i : 

: 3-6 ; 



Chowcn 1 

99.0 

1149 

2.8 | 



Rustler 

1 12. 1 

1 112.4 

0.3 

0.2 

0.1 

Minnesota 23 

96.7 

no. 9 

— 1.2 ! 

0.3 

0.2 

Silver King 

100.9 

106.7 

1 “ 5-4 | 

0.0 

0.1 

Murdock 

80.3 

tot.6 

--10.5 j 

0.0 

0.2 


Table 3 also illustrates the effect of extreme differences in type in 
the larger increases obtained from crosses between flours or flints and 
dents than from crosses of dent varieties. Similar flint-dent crosses 
have produced large increases at the Connecticut station (26, 46), 
and crosses between southern dents and flints also have produced 
good yields (3, 4). Of the 14 crosses tested in Maryland by the 
United States Department of Agriculture in 1910 (24), two of the 
three advantageous ones were between Cross 120 and Hickory King 
as pistillate parents and Boone County White as staminate parent. 
Hickory King is an 8-rowed dent with large kernels. Cross 120 is a 
selection from an earlier Hickory King-Boone County cross, and 
has a somewhat longer, larger ear than Hickory King, but fewer rows 
and larger kernels than Boone County. This is interesting in view 
of the fact that the larger yields obtained from the flint-dent crosses 
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in Minnesota (30) was definitely associated with increased length 
and decreased number of rows, as shown in Table 3. 

In the results reported by Hayes and Olson (30), in which eight 
of the twelve crosses produced more ‘than the best of the thirteen 
parent varieties, the average increase was only 2.3 percent above this 
best variety. Even reciprocal crosses may differ so widely that one 
is advantageous, whereas the other is not (72). It obviously is as 
unreasonable, therefore, to condemn the utilization of first-generation 
crosses because they do not average more than the best local variety 
(49) as it is to recommend their indiscriminate use. It is evident 
that first-generation crosses offer possibilities for obtaining material 
increases in yield, but the value of each cross must be determined 
experimentally. 

There seems to have been no direct investigation of the possibility 
of maintaining or increasing the yields of desirable crosses in succeed- 
ing generations. Referring to the crosses between Hickory King and 
Boone County compared in Maryland in 1910, Hartley notes that 
Cross 120, “ after six years of selection and adaptation, produces 
somewhat less than the first-generation cross of the same parents 
made in 1909 ” (24, p. 19). One example is hardly conclusive, how- 
ever, and in view of the fact that many of our present varieties were 
originated by hybridization followed by selection, it would seem that 
such an investigation might produce results of much interest. 

EAR-TO-ROW BREEDING. 

The ear-to-row method of corn breeding was introduced by the 
Illinois Agricultural Experiment Station about 1896 (32), arid was 
accepted almost immediately at many of the experiment stations and 
by seedsmen and farmers. There have been various modifications of 
the method since its introduction, the more important of which may 
well be mentioned briefly. 

One class of modifications had as its object a reduction in experi- 
mental error. Hunt (37) planted each ear in duplicate rows in dif- 
ferent parts of the plat. Williams (86) used systematically distrib- 
uted rows planted with uniform seed as a check on soil variation. 
Hopkins and his associates (33) compared only those rows that were 
grown in the same quarter of the breeding plat. Kyle (53) com- 
pared the yields of the individual ears thru the yield of uniform seed 
grown in the same hills as a standard. Discussion of these methods 
is unnecessary. From studies of field-plat technique, it now is well 
recognized that without replication such ear tests are of little or no 
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value, and that their reliability increases with the frequency of the 
checks and the number of replications. Other modifications were a 
method suggested by Hopkins and his associates (33) for preventing 
inbreeding, and the remnant system and introduction of “ new-blood ” 
ears suggested by Williams (86, 87) to insure high-yielding parentage 
on the staminate as well as on the pistillate side and to avoid close 
breeding. 

Both increased (23) and decreased (50) yields following ear-to- 
row selection have been shown by comparing yields over two succes- 
sive periods of years. Such measurement is unreliable, however, 
because of climatic influences (50). The more common test of 
progress has been to compare the yields of progenies of high-yielding 
ears with the yields of field selected seed. Results of siich compari- 
sons may be summarized as follows : 

Hartley (22) obtained an average increase of 18 bushels per acre 
as a result of one year's selection. 

Noll (65) reports a decrease of 4.7 bushels, and increases of 0.2, 
0.3, and 6.2 bushels per acre in different tests, or an average of 0.5 
bushel increase. Noll's results with crosses between high-yielding 
ears were no more significant, eight producing less and seven produc- 
ing more than the field seed, with an average decrease of 2.4 bushels 
per acre. 

Montgomery (60) reports increases of 9.5 bushels per acre after 
four years' and 7 bushels per acre after five years' continuous selec- 
tion. From a single selection based on a two years' test he obtained 
an increase of 9 bushels per acre. Montgomery (60, 62) concluded 
that a single, careful selection on the performance basis followed by 
mass selection apparently was as efficient as continuous ear-to-row 
breeding. Since then Kiesselbach (49) has reported on later gen- 
erations of these two methods. The average of the eighth to twelfth 
generations of continuous pedigree selection produced no increase 
over the original stock, whereas the seed that was mass selected fol- 
lowing the single ear-to-row test produced 1.2 bushels per acre more 
than the original strain during the same years. 

Hume (36) obtained an average increase over seven years' con- 
tinuous breeding of 2.4 bushels per acre. During the last three of 
these years a different method of comparison showed a decrease of 
0.2 bushel per acre. Hume (36) also compared the Illinois method 
for preventing inbreeding (33) with a more simple method involving 
nq detasseling and found no appreciable difference between the 
methods, as an average for seven years. 
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Olson, Bull, and Hayes (66) compared ear-type selection with 
selection for ear type and yield, and secured an average increase for 
eight years of 5.6 bushels per acre due to the selection for yield. Of 
the eight comparisons, three showed negligible decreases and five 
increases, the range being from minus 0.3 to plus 21. 1 bushels. 

Williams and Welton (90) report the production of 20 crosses 
between high-yielding ears which were tested for one to three years 
each. Eighteen of these were better and two slightly poorer than 
field seed. The averages of the 3* to 4 strains from each mating 
produced increases in every case, ranging from 3.6 to 7.6 bushels per 
acre, the average increase during the eight seasons covered being 5.0 
bushels per acre. 

There is abundant proof from these results that altho individual 
progenies of high-yielding parents vary from actual decreases to con- 
siderable increases, as an average they may be expected to produce 
more than field selected seed. An original gain apparently has been 
lost in subsequent generations of close breeding (49/60, 62). Close 
breeding is no essential part of the ear-to-row method, however, and 
may be prevented. 

Finally, tho there is no evidence of cumulative improvement, the 
results of the Ohio station (90) indicate that an increase of about 
5 bushels per acre can be secured and maintained under favorable 
conditions when close breeding is prevented. This increase is from 
the immediate progeny of high-yielding ears, and how much of it will 
persist in succeeding generations is not clear. The results at the 
Nebraska station (49, 60, 62), however, show that such a difference 
becomes less in succeeding generations. 

It seems quite probable that the yield of an entirely unselected or 
unadapted variety could be improved by a few years' intelligent ear- 
to-row selection. However, in view of the expense, the uncertainty 
with which larger yields have been obtained, and the small increases 
secured during a series of years in the most favorable cases, so far 
there appears to be little to recommend ear-to-row breeding as a 
practical method of corn improvement. 

PURE-LINE BREEDING. 

The utilization of crosses between pure lines was first suggested 
by, Shull (77, 78). East (14) and East and Hayes (15) accepted 
such a method as theoretically correct, but of doubtful value because 
of practical considerations. More recently Jones (43) has suggested 
that crosses between pure-line crosses be used commercially, over- 
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coming two of the serious practical objections, namely, the high cost 
and poor quality of the seed. The fundamental fact that inbreeding 
in corn results in a loss of vigor, which is regained when the isolated 
strains are again combined, is proved beyond question (13, 14, 15, 27, 
28, 29, 42, 45, 49, 62, 65, 77, 78, 79, 80). Moreover, increased yields 
have been obtained from some combinations in every experiment 
reported. 

In 1908 Shull obtained yields of 74.4 and 78.6 bushels per acre 
from the reciprocal crosses between pure lines, in comparison with 
75 bushels from the two non-inbred parent varieties (78). In 1909 
reciprocals of the best hybrid combination produced 98.4 and 96.1 
bushels per acre, as compared with 88.1 bushels from the best non- 
inbred strain (79), and in 1910 he obtained 68.07 bushels per acre 
as an average from 7 hybrids, as against 61.52 bushels from 10 non- 
inbred strains (80). 

The results of East and Hayes (15, 28) are conclusive as to the 
return to vigor following the crossing of pure lines. Inasmuch as 
these crosses were grown between rows of the inbred parents, how- 
ever, and the reported yields of the non-inbred varieties were obtained 
in different seasons and, in one case, in a different locality (42, pp. 
28, 57), the data have little relation to the question of obtaining 
larger yields by the use of pure line crosses. 

Kiesselbach (49) gives the average yield of 11 pure-line crosses 
during three years as 53.4 bushels per acre, in comparison with 52.6 
bushels from the original variety. It is unlikely that all of the crosses 
yielded equally, and some, therefore, probably exceeded this 0.8 bushel 
increase. 

Of the 20 pure-line crosses tested by Noll (65) at the Pennsyl- 
vania station, 13 produced more and 7 produced less than the original 
variety. The 3 best crosses in 1914 produced increases of 11.5, 6.4, 
and 5.9 bushels per acre, and the 4 advantageous crosses in 1915 
averaged 7.7 bushels per acre more than the non-inbred parent. 
These differences have been computed on a basis of 7,000 stalks per 
acre* and 70 pounds of ears per bushel, the data having been reported 
as yields in pounds, from 50 stalks in 1914 and from 40 stalks in 1915. 

Jones (42, Tables 11, 12, pp. 48, 49) reports the yields of 25 
crosses between inbred strains of Learning. These have been brought 
together in Table 4 in such a way as to show the parentage of the 
crosses. The yield of the original Learning variety is given (42, 
Table 11, p. 48) as 80.8 bushels per acre. Of the 25 crosses, 14 pro- 
duced more and 1 r produced less than 80.8 bushels per acre. Of the 
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ii poor crosses, 6 had the 1-9- 1-2 strain as pistillate parent, and 3 
were crosses between the 1-7-1-1 and 1-7- 1-2 strains which are more 
closely related. Moreover, all of the 8 crosses having the 16-1-3 
strain as pistillate parent were high yielding. This is interesting as 
an indication of the consistent value of individual lines. Jones (42) 
notes that the seeds of strain 1-9 are the most poorly developed, 
whereas those of strain 1-6 are best, and suggests this as a possible 
cause of the differences. 


Table 4 . — Yields in bushels per acre of crosses among pure-line strains of 

corn. 

(Compiled from 4 2, Tables 11, 12, p. 48, 49,) 


Stain mate 
parent strain. 

1-9- 1- 2 

Pistillate ps 

1-7-1-2 

irent strain. 

1-7-i-x 

1-6-1-3 

Average. 




82.1 

100.5 

82.4 


I- 9 -I -2 





91.0 







86 . 7 ° 

89.8 



59-6 


70.9 

I 0 I .0 


1-71-2 


66.3 



— 

106.2 




63.0° 



103.6* 

79.2 



58.0 

55.9 


112.9 1 




■ 52.5 

58-4 


99.1 I 


l-7-i-i 


1 


; 

! 94-8 ! 




55 - 3 “ 

57 * 2 ° 


; 88.i 

: 


i 




98. 7 U 

i 

70.4 


f 

63 9 

106.7 

99.9 





7 i . 5 

84.9 

84.4 

i .... 


1-6-1-3 , 


— 


59*4 ! 

1 



t 

67.7“ 

95 - 8 “ 

40.5 

! 

.... j 






71 - 1 ° 

I 

78.2 

Average 

62.0 

78.4 

80.8 ! 

96.3 



a Average. 


Hayes and Garber (29) give the production of three crosses be- 
tween two strains of Minnesota 13, previously inbred for three gen- 
erations, as 51.4, 51.3, and 54.2 bushels per acre, in comparison with 
48.9 bushels from the non-inbred stock. 

In all of these experiments the crosses wpre at a disadvantage due 
to poor seed condition caused by the weakness of the pistillate parent. 
This factor is eliminated in double crosses, and Jones reports yields 
of 1 12 and ii 7 bushels of shelled grain per acre from double-crossed 
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seed, as against 92 bushels from the best variety so far found in 
Connecticut (43, 44). 

The results prove that increased yields can be obtained from 
crosses or double crosses between pure lines. Can the same combi- 
nations be relied upon to produce yields in successive seasons that 
sufficiently exceed those which may be obtained by simpler methods 
to compensate for the expense of producing and crossing the pure 
lines? The evidence indicates that they can, but the number of ex- 
periments in which such crosses have been tested under strictly com- 
parable conditions seems too small so far to warrant definite conclu- 
sions as to the practical possibilities of this method as a means of 
obtaining larger yields of corn. 

CONCLUSION. 

There is another and better reason for using pure-line methods in 
experimental corn breeding. Thruout these experiments certain basic 
principles are evident. First, selection produces larger yields as it 
secures better adaptation to the specific environment, or picks out the 
more favorable hybrid combinations. Selection inevitably results in 
decreased vigor and consequent yield, however, whenever it tends to 
the isolation of pure lines. Second, hybridization, whether between 
varieties or strains, results in. increased vigor. Finally, there is a 
tendency for the largest actual yields to be produced when the best 
products of selection are used in hybrid combination. These prin- 
ciples long have been recognized. They attain a new significance, 
however, with the more recent Mendelian interpretation of hybrid 
vigor as the result of the combined effect of linked dominant growth 
factors (41, 48). The theoretical aspects of this interpretation in 
its relation to corn breeding have been discussed in detail by East 
and Jones (16) and by Jones (45), and such a consideration is be- 
yond the scope of the present paper. Briefly, it permits the use of 
the same methods in pure-line breeding that have been partially sue- 
cessful with open-fertilized stocks, namely, selection, hybridization, 
and further selection, but all based on pure lines and controlled 
pollination. 

There seems to be little reason for hesitating between methods 
founded on ever-changing hybrids of unknown constitution and 
methods in which definite pure lines, that can be reproduced at will? 
form the basis for improvement ; or between the older methods that 
retained unfavorable recessive characters, but attempted to suppress 
them by blind hybridization, and pure-line methods that cause the 
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expression of these characters so that they may be recognized and 
eliminated. It is to be hoped that experiments will be undertaken to 
ascertain the possibilities in pure-line methods of corn breeding on a 
scale commensurate with the importance of the subject, and under 
methods that are in keeping with present knowledge, not only of 
genetic principles, but also of field-plat technique. 

The possibility of progress under pure-line methods is largely 
theoretical so far, and it is entirely possible that unrecognized prin- 
ciples may interfere with the fulfilljn’ent of present expectations, as 
they have with those in the past. Nevertheless, *the entire evidence 
from all corn-breeding investigations for the present points to pure- 
line methods as the only sound basis for real improvement of corn. 
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FIRST GENERATION CORN VARIETAL CROSSES . 1 


Fred Griffee . 2 

INTRODUCTION. 

The increased vigor of F t hybrids has been frequently noted from 
the time of the early hybridists, Gartner and Kdelreuter, until the 
present. The utilization of the vigor of an F t cross as a means of 
increasing the yield of corn was suggested by Beal ( i ) s of Michigan in 
1876. The plan which he suggested was to import seed of a variety 
from various localities and to plant mixtures of these importations. 
In a report made in 1878, Beal (3) outlines the method which is 
commonly used today for the production of F x hybrid corn seed where 
quantity is desired. Yellow Dent corn was secured from each of two 
different counties and the two strains planted in alternate rows. All 
of one strain was detasseled before its pollen was shed and seed was 
selected from the detasseled rows. Beal held the Darwinian concep- 
tion that the value from hybridization was due to the fact that the 
two strains entering the cross had been exposed to different conditions. 

In 1880 (4) , Ingersoll of Indiana, Henry of Wisconsin, Georgeson 
of Texas, and Gulley of Mississippi met with Beal at Michigan. All 
agreed to carry on an experiment testing the value of using hybrid 
seed. The fact that, excepting for a brief report by Ingersoll; Beal 
was the only one to report indicates clearly that little enthusiasm had 
been aroused for this method of increasing production. 

Morrow and Gardner (17, 18) in 1892 and 1893 published the 
results of experiments in which the F t hybrids were definitely com- 
pared with their parents. Renewed interest was aroused by the pub- 
lications of East (8) in 1908 and Shull (19, 20) in 1908 and 1909 on 
the effects of inbreeding and crossbreeding in corn. 

1 Published with the approval of the Director as Paper No. 244, of the 
Journal Series of the Minnesota Agricultural Experiment Station. Read at 
the meeting of the American Society of Agronomy, Chicago, 111 ., December 
31, 1920. t 

2 - Assistant Plant Breeder, Minnesota Agricultural Experiment Station. 
The writer desires to express his appreciation to H. K. Hayes, Division of 
Agronomy and Farm Management, for assistance in the preparation of this 
paper, 

* Numbers refer to Literature cited, pp. 26-27. 

18 



19 


GRIFFEE : FIRST GENERATION CORN VARIETAL CROSSES. 

Shull's pure line method of breeding was based on the hypothesis 
that a field of corn is composed of complex hybrids. Some of these 
hybrids are more heterozygous than others and consequently more 
vigorous. He advocated the isolation of pure lines by self-fertiliza- 
tion. These pure lines were then to be planted in alternate rows and 
all of one pure line detasseled. Seed for the general field was to be 
selected from these detasseled rows. Such hybrid seed would pro- 
duce a field of corn in which every plant was heterozygous — that is, 
every plant would be as vigorous or more so than the most productive 
plants in the original mixed strain. Preliminary reports by Shull 
showed that some F t crosses were more vigorous than the original 
commercial variety. 

Collins (6) believed, however, that the most advantageous combi- 
nation might be found without first “ reducing the varieties to the 
verge of extinction before the cross is made.” East, while accepting 
the correctness of Shull's method from a theoretical standpoint, was 
inclined to the belief that Ft varietal crosses had greater commercial 
possibilities. 

The studies of Collins (6, 7), reported in 1909 and 1910, added 
materially to our knowledge of the value of first-generation hybrids 
in corn. The possibility was suggested that the use of the first- 
generation hybrid vigor might allow the extension of corn growing 
beyond the present area of production. Since hybrids grown at 
Washington, D. C., in 1910 remained dark green and vigorous when 
nearly all of the parental strains were showing signs of drought, 
Collins concluded that first-generation hybrids may be “ relatively 
free from the new-place effects that so seriously interfere with the 
spread of varieties.” 

Since the first introduction of the method of utilizing hybrid vigor 
as a means of increasing yield in corn experimental tests have been 
made in most of the corn states. It is only within the last few years, 
however, that investigators have fully appreciated the value of careful 
field-plot technique. Many tests did not take into consideration the 
value of eliminating the effect of competition that may enter when 
varieties are grown side by side in single-row plots. The necessity 
of using replicated tests in order to overcome the harmful effect of 
soil heterogeneity has not been generally appreciated. In some cases 
the cross was compared with only one parent, and in many cases the 
experiments were carried for a single year only. In still other cases 
unadapted varieties were used. 

Before making a review of F t crosses a brief statement of the 
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Mendelian hypothesis which most logically explains hybrid vigor will 
be given. 

THE MENDELIAN EXPLANATION OF HYBRID VIGOR. 

Since the discovery of linkage, or the fact that factors are inherited 
in groups, an adequate Mendelian explanation has been proposed 
which accounts for the increased vigor of an F x cross. East and 
Jones (9) in “ Inbreeding and Outbreeding ” give an excellent review 
of the development of this theory. 

The theory assumes that varieties, which when crossed yield an 
increase in produce in the first hybrid generation, possess growth 
factors which are not common to both, and that these factors are 
partially or completely dominant over their allelomorphs. Thus, a 
factor pair will give more than half the stimulus to growth when in 
the heterozygous than when in the homozygous condition. Linkage 
of factors in inheritance explains why all favorable growth factors 
can not be combined in a homozygous individual. The only way to 
discover the best cross is to conduct field tests over a number of years, 
in which the hybrids compete not only with their parents, but with 
the best yielding variety for the locality in which the hybrid is to be 
grown. The increased vigor must be sufficient to pay for the extra 
labor of producing hybrid seed. That F x corn crosses frequently do 
give increased yields is evident from a summary of experiments which 
have been made. 


PREVIOUS F, CROSSES SUMMARIZED. 

In the following summary only those crosses which have been com- 
pared with both parents have been considered. Recent studies of the 
Minnesota station will be discussed in some detail later. 

Morrow and Gardner (17, 18) in 1892 and 1893 tested nine F x 
hybrids, of which five exceeded the better parent in yield. 4 These 
tests consisted of a comparison in single-row plots Of adapted varieties 
and their F t crosses. (See Table I.) 

Collins (7) testedsixteen crosses of widely different types at Lan- 
ham, Maryland, and twelve outyielded the better parent. He also 
tested ten crosses between varieties of sweet corn at Washington, 
D. C Of these, seven exceeded the better parent in yield. These 
results were based on single plot tests. 

Hayes and East (12) in 1911 reported the results of three crosses 
in comparison with their parents. Two of the three crosses out- 

4 In the summary of previous Fi crosses the term "field" refers to yield 
of grain. 
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yielded the better parent. A later report by Hayes (ti) compares 
twenty seven F x crosses with their parents. Fifteen of these crosses 
exceeded the better parent in yield. Adapted varieties were used for 
these crosses. 

Hartley and others (io) conducted tests at Chico, California, and 
Waco, Sherman, and Corsicana, Texas. Sixteen crosses grown in 
California were made in Maryland and were not adapted to Cali- 
fornia conditions. Of these sixteen only four yielded an increase as 
compared with the better parent. In the Texas experiments adapted 
varieties were used and the tests were made at three stations. Re- 
sults here given are averages of the three stations. Of the eleven 
crosses, four exceeded the better parent in yield. 

Belling (5) tested a single cross in 1912. The cross yielded more 
than the better parent. He used one replication, but grew single-row 
plots. 

Williams and Welton (21) used single plots and adapted varieties. 
They grew seven F 3 crosses, of which five exceeded the yield of the 
better parent. 

Jones and others (15) made tests at two different stations. In all 
twenty-seven tests were made, in eighteen of which the F, cross 
exceeded its better parent in yield. These workers used adapted 
varieties, but single plots. 

Kiesselbach of Nebraska (16) reports comparisons of ten crosses 
between late varieties. The average yield of these ten crosses was 
1.97 percent less than the average of the parents. Kiesselbach also 
tested three crosses between early and late varieties. These averaged 
a 1 .2 percent increase over the average of the parents. 

Hutcheson and Wolfe (14) compared four F, crosses with their 
parents, one of which outyielded the better parent. These authors 
used adapted varieties and three replications. 

These tests are summarized in Table I. In all 146 F t crosses have 
been briefly reviewed. Of these, 113 exceeded the parental average 
in yield of grain and 84 exceeded the better yielding parent. The 
percentage increase in yield over the average of the parents for the 
146 crosses is 1 1.7. 

These results certainly show that F 3 crosses on the average give 
increased yields as compared with normal varieties. 

MINNESOTA RESULTS. 

Hayes and Olson (13) summarized, in 1918^ the results of a series 
of tests of F x crosses which had been carried on from 1915 to 1918, 
inclusive. Minnesota No. 13, which had been selected for ear type 
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for a period of several years prior to the test, was used as the male 
parent. Five flint varieties which were adapted to central Minnesota 
conditions were secured and an equal number of adapted dent va- 
rieties. Arrangements were made to secure seed of these varieties 
from the same growers each year. The F 1 crosses of the varieties 
here given were tested for a period of at least two years and in some 
cases for the four years from 1915 to 1918, inclusive. 

Four rows, each 132 feet long, were used for each plot, the two 
central rows only being used for* the yield tests. The various F x 
crosses were planted so that each was grown between its respective 
parents. Two or more systematically distributed plots were used for 
each variety and cross. 

Of the five flint-dent crosses, four gave a significantly larger yield 
of bushels of shelled corn per acre than the better parent and one 
yielded slightly less than the parental average. The average increase 
in yield of bushels of shelled corn per acre of the F x flint-dent crosses 
over the better parent was 12.5 percent. The five dent crosses gave 
an average increase of 6.7 percent in yield of bushels of shelled corn 
per acre as compared with the better parent. Three of the dent 
varieties used were, however, somewhat too late in maturity for 
University Farm conditions and these crosses have pot been further 
studied. 

Rustler White Dent, which matures about the same time as Minne- 
sota No. 13, has been grown at University Farm since 1915. During 
the last three years Minnesota No. 13 and Rustler Dent have been 
grown in isolated seed plots. . Selection of seed for planting has been 
made at maturity from vigorous stalks in perfect stand hills. During 
the last two years those crosses which appeared most promising for 
the 1915 to 1918 test have been continued. In addition, crosses be- 
tween Rustler and selected eight-rowed flints have been grown. For 
the period t 91 5 to 1920, inclusive, F 1 crosses between Minnesota No. 
13 and the varieties Longfellow and Rustler have been tested each 
year. King Phillip X Minnesota No. 13 has been tested five years. 
Squaw Flint X Minnesota No. 13, Rustler X Longfellow, and Rust- 
ler X King Phillip have each been tested in the 1919 and 1920 sea- 
sons. Results of these tests will be considered in a little more detail. 

A cross, Northrup King’s Longfellow X Minnesota No. 13, was 
tested for the full six-year period. (See Table 2.) Four of the six 
years the cross yielded more bushels of shelled corn per acre than the 
better parent, one year the same as the better parent, and theremain- 
ing year somewhat more than the parental average. For the average 
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of six years it yielded 11.7 percent more in bushels of shelled corn 
per acre than the better parent. 

While the gross of King Phillip X Minnesota No. 13 yielded more 
grain than either parent for each of the first three-year tests, it yielded 
slightly less in the last two years. For the five-year period, however, 
the cross exceeded the better parent by 8.8 percent in yield of bushels 
of shelled corn per acre. 


Table 2. — Comparative Yield of First Generation Crosses and Parents , 
19 IS to 1920 inclusive. 


Variety. 


Yield in bushels per acre. 


| Yield 
percent 
! No. u 
! as 100. 

Cross 
j minus 
better 
, parent. 

1915. 

1 

| iqt6. 

1917. 

tqi8. 

1 1919. 

1920. 

! 

Avfc. 

1 ' " 1 

No. 13 

21.8 

54-2 


47-9 

70.1 

33.0 

454 

100. 0 


King Phillip 

25.9 

53-9 


43-8 

60.9 

30.3 

43.0 

94-7 


Cross 

32.O 

63.3 


52.6 

68.6 

30.1 

494 

108.8 

8.8 

No. 13 

21.8 

54-2 

22.9 

47-9 

66.0 

32.3 

40.9 

1 00.0 


Longfellow (N.K.). . . 

29.8 

48.1 

22.1 

47*4 

58.5 

26.2 

38.7 

946 


Cross 

42.4 

5 2 -5 

22. 9 

57-6 

63.0 

35-7 

45-7 

hi. 7 

II. 7 

No. 13 





70.0 

30.4 

50.2 

100.0 


Squaw Flint 





46.1 

28.4 

37.3 

74.3 


Cross 





72.8 

36.0 

544 

108.4 

1 8 * 4 

Rustler *. . . . 





68.6 j 

33.9 

51.3 

100.0 

King Phillip 





58.6 | 

30.5 j 

44.6 

86.9 


Cross 





70.6 i 

37.4 | 

54.0 

105.3 

5*3 

Rustler 





1 

69.2 1 

36.0 | 

52.6 

100.0 

Lonefellow ! 




60.9 

25.4 

43.2 

82.1 


Cross 





74.1 

35 -h 

. 54- 9 

104.4 

•j 

44 

No. 13 1 

20.2 

' 34 -i 

22.1 

52.1 

72.5 

33.0 ; 

39*0 

100.0 


Rustler | 

25.0 

i 42.5 

22.8 

53.7 

72.1 

33.6 j 41.9 

1074 j 


Cross 1 

26.7 

1 45 -i 

22.7 

49.9 

75 -7 ! 

38.1 

43 *o 

1 10.3 ! 

2.9 


Longfellow X Rustler for 1919 and 1920 exceeded the better par- 
ent in yield of grain by 4.4 percent. King Phillip X Rustler for the 
same two-year period yielded an increase of 5.3 percent over the 
better parent. 

Rustler X Minnesota No. 13 yielded 2.9 percent increase in bushels 
of shelled corn per acre over the better parent. These two varieties 
have been grown from home-grown seed and since 1918 they have 
been selected for yield. 

The cross between the early flint variety known as Squaw Flint 
and Minnesota No. 13 which was tested for the 1919 and 1920 sea- 
sons is of particular interest. The cross grew nearly as tall as Minne- 
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sota No. 13, showed the stooling ability of the Squaw Flint, produced 
ears nearly as large as Minnesota No. 13, yielded more grain per acre 
than Minnesota No. 13, and was a week to ten days earlier in maturity 
than Minnesota No. 13. 


CONCLUSION. 

The results of the test of F x crosses here reviewed are conclusive 
evidence that under present methods of corn breeding F x varietal 
crosses are a means of obtaining increased yields. 

The correctness of present methods of corn seed selection, how- 
ever, is problematical. Uniformity of ear type is the usual aim of 
the corn breeder. The result of University Farm tests of F t varietal 
crosses showed considerable larger increases in yield of shelled corn 
per acre in the earlier years of the study when Minnesota No. 13 was 
closely selected for ear type. However, even in recent years when 
selection in Minnesota No. 13 for yield alone has been practiced, the 
cross between Squaw Flint and Minnesota No. 13 has given 8.4 per- 
cent greater yield of shelled corn per acre than the higher yielding 
parent. Such a cross looks very promising for conditions where 
early maturity is a necessity. 
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EAR-TYPE SELECTION AND YIELD OF DENT CORN . 1 

T. A. Kiesselbach. 2 

The subject assigned the writer in this symposium was at one time 
of greater importance in the minds of agronomists and others than it 
is today. In the latter part of the nineteenth century a rather arbi- 
trary a priori doctrine for ascertaining productive excellence of the 
seed ear was evolved from the mistaken line of reasoning that high 
shelling percentage and grain yield of the seed ear was synonymous 
with relatively high acre production. Thru associating this belief 
with the evolutionary teaching that like begets like, this ear-type per- 
fection was to be preserved thru purity of breeding and selection for 
uniformity. Aside from the qualities denoting soundness of the 
grain, with its very obvious value, practically all of the points featured 
in the early score cards, devised as a guide for selecting seed ears, 
have their origin in the above reasoning. 

These new teachings aroused great interest in corn and a number 
of station workers and practical corn growers planned experiments to 

1 Contribution from the Department of Agronomy, Nebraska Agricultural 
Experiment Station, Lincoln, Nebr. Read at the meeting , of the American 
Society of Agronomy, Chicago, 111., December 31, 1920. 

2 Agronomist, Nebraska Agricultural Experiment Station. 
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establish their significance. The outcome was to suggest that the 
physical ear characters of dent corn fall into two definite groups, 
those definitely nonutilitarian and those tending to be utilitarian. A 9 
an expression of progress in public sentiment, the tendency in some 
States has been to revise the corn score card, from time to time, 
attaching greater emphasis to important utilitarian considerations, 
such as adaptation and soundness. The other type considerations 
appear to be largely nonutilitarian, from the seed standpoint. 

It may be observed that no score '•card for judging competitive ear 
corn exhibits has yet been devised whereby nonutilitarian considera- 
tions are entirely eliminated and may not in many close cases deter- 
mine the placing of awards. The Illinois score card of 1920 and the 
Nebraska score card of 1918 are outstanding in their subordination 
of nonutilitarian considerations. The former attaches about 80 per- 
cent of a perfect score to soundness, viability, and freedom from 
disease. The latter gave approximately 70 percent to soundness, 
viability, and adaptation. 

The ear characteristics which have received chief consideration by 
corn enthusiasts are: 1, adaptation; 2, soundness; 3, maturity; 4, size 
of ear; 5, trueness to type; 6, uniformity of ears; 7, uniformity of 
kernels; 8, shape of kernels; 9, space between kernels; 10, depth of 
kernels; it, total weight of grain; 12, shelling percentage; 13, shape 
of ears; 14, color of cobs; 15, color of kernels; 16, character of butts 
and tips of ears; and 17, straightness of rows. 

The essential requirements of seed corn are that it shall be sound 
and that it shall be well adapted to the conditions where planted.. The 
degree of adaptation depends upon the degree of harmony between 
the plant requirements and its environmental growth conditions. The 
highest degree of adaptation is regarded as that resulting in the max- 
imum yield of sound grain per acre. The most pronounced environ- 
mental factors correlated with the growth habits of corn plants best 
suited for any region are climatic. Wide hereditary differences in 
native corn types are found in response to variation in climate. 
Thus, comparing adapted Lancaster Co., Nebr., corn with adapted 
Kimball Co., Nebr., corn, when both were grown under favorable 
conditions of Lancaster County, the former ripened 18 days later, 
produced plants which were 40 percent taller, bore the ears 150 per- 
cent higher above the ground, had 138 percent greater leaf area per 
plant, and produced 100 percent greater total dry matter per plant. 
The ears were 123 percent heavier, and had a 10 percent higher shell- 
ing percentage. These are inherited differences, which may be 
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ascribed primarily to the normal climatic differences of the two 
regions. Comparing the climate of Lancaster County with that of 
Kimball County, the normal temperature of the corn-growing season 
is 7° F. warmer, the frost-free period is 35 days longer, and the pre- 
cipitation is 13 inches, or 81 percent, higher. 

Plants of such differing growth habits commonly have distinct 
types of grain and ear. The special adaptation is more or less re- 
flected in the ear. Smoothness and shallowness of grain, low shelling 
percentage, small ear circumference, and a low number of rows of 
grain per ear suggest relative earliness and small vegetative growth. 
Rough, deep grain, high shelling percentage, large circumference, and 
a high number of rows on the ear are rather characteristic of late 
maturity and large plant growth. In a general way, in response to 
adaptation, the more adverse the growing conditions are for corn, the 
more nearly does the corn approach the small stalk, low leaf area, 
slender ears, and smooth, shallow kernel of flint corn. This adjust- 
ment is often spoken of as “ running out” of the corn, whereas it is 
an actual betterment for the prevailing conditions. 

The so-called utilitarian ear characteristics have significance only 
in so far as they are linked with inherent vegetative growth habits of 
the corn plant. The exact nature of these plant characters and degree 
to which they will reproduce themselves can not be reliably judged 
by a mere examination of the ear. The correctness of such judg- 
ment is greatly enhanced by a previous knowledge of the source and 
purity of breeding of the corn. Thus, a small, smooth, shallow- 
grained nubbin of Boone County White grown in Indiana might very 
closely resemble an average ear of Marten White Dent corn which is 
well adapted to the short and dry season of western Nebraska. But 
if the two ears were planted side by side in Indiana, the one would 
produce plants about twice as large and five weeks later in maturing 
than the other. 

It apears to be an almost universal practice on the part of the corn 
grower to pull somewhat against the natural law of adaptation by 
growing corn slightly too large and late for his conditions. This is 
in large measure brought about by an effort to approach the ear char- 
acteristics of corn grown in the most favorable corn, districts of the 
country. This has been especially evident in the settlement of the 
western and northern frontiers of the corn belt. Newcomers found 
that the corn which they brought with them from more favored sec- 
tions assumed more and more the dwarfish characteristics of adverse 
conditions. They believed their corn to be running out and replaced 
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it from time to time with imported seed, or selected for planting the 
ears which most nearly approached the original characteristics. Thru 
experience, however, the corn grower is coming to recognize the ad- 
vantage of modifying his conception of ear type to harmonize with 
the environment of his locality. There is no such thing as a universal 
best type. 

It is the purpose of this paper to present a brief digest of the avail- 
able published data from the various agricultural agencies, including 
some unpublished results at the Nebraska Agricultural Experiment 
Station. It was thought that by bringing the important data together 
in this compact form, the reader would be aided in drawing. his own 
conclusions. The experimental data are classified largely by States 
or institutions, since this avoids a frequent restatement of the methods 
or nature of the tests. 

OH 10 EX PERI MENTS . 

Williams and Welton (18) 3 report results from the Ohio station 
as follows: In a 9-year test with three varieties, tapering ears out- 
yielded cylindrical ears 2.3 percent in grain production (68.3 against 

66.8 bu.). As an average for 7 years, smooth ears of the Clarage 
variety yielded 2.7 percent more grain than rough ears (63.3 to 63.6 
bu.). Ears with bare tips having 1.2 inches of exposed cob yielded 
0.3 percent less grain than ears with well-filled tips (62.4 to 62.7 bu.) 
as an average for 8 years. 

During 10 years the long ears (averaging 9.2 inches) of four 
varieties exceeded the short ears (6.8 inches) by 2 percent in grain 
yield (69.5 to 68.2 bu.). In a 5-year comparison of 14-rowed and 
18-rowed ears the former exceeded the latter 1.7 percent (60.9 to 

59.9 bu.) at Wooster and 6.4 percent (57.6 to 54.2 bu.) at German- 
town. 

In a 6-year comparison of Clarage corn at Wooster, ears with high 
percent (88.2 percent) of grain yielded 0.6 percent less than ears of 
low (76.4 percent) shelling percentage (64.6 to 65.1 bu.). The 
shelling percentage of the ears grown from the two lots was 86.1 
and 80.8 percent, respectively. 

The Ohio experiments suggest a possible slight advantage for the 
long, slender, smooth ears, altho there is no very material difference 
between any of the types. 

McCall and Wheeler (13) have calculated the coefficients of corre- 
lation for extensive ear-to-row tests between grain yield and the 

3 Reference by number is to Literature cited, p. 48. 
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length, weight, circumference, and density of the seed ears (Table 1). 
The yield tests cover seven years, 1905 to 1911, by the Ohio Agri- 
cultural Station and four years, 1906-1909, by J. W. Cook at For- 
rest, Ohio. No significant correlation was discovered. 


Table i. — Correlation of ear characters and yield in corn. ( McCall and 

Wheeler data). 



Array 

number. 

Character. 

Number of 
variants. 

Coefficient of 
correlation. 

I. 


. . Length 

476 

+.0580 =*= 0.296 

V. 


do 

105 

+.1017 sfc 0.651 

II. 


. . Weight 

530 

— .0270 =*= .0292 

VI. 


do 

i 104 

-f.0866 * .0656 

III. 


. . Circumference 

530 j 

— .0968 =*= .0287 

VII. 


do i 

1 105 i 

+.1803 * .0636 

IV. 


! Density 

526 1 

-h.0272 =*= .0293 


KANSAS EXPERIMENTS. 

Table 2 presents data based on extensive ear-to-row tests, reported 
by Cunningham (3) of the Kansas Agricultural Experiment Station. 
The tests cover nine varieties during six years. Altho the ears 
planted were all of fair length, they were divided into three groups, 
long, medium, and short, for which the respective grain yields were 
48.2, 48.4, and 48.2 bushels per acre. Ears having 16, 18, and 20 
rows yielded, respectively, 43.5, 41.4, and 39.9 bushels per acre. This 
is 3.6 bushels between the extremes in favor of the 16-rowed ear. 
The small number of rows would seem to be correlated, to some 
extent at least, with small ear circumference. Ears with relatively 
large, medium, and small circumferences yielded 47.9, 49.3, and 49.6 
bushels, which is 1.7 bushels in favor of the most slender ear. Ears 
with shelling percentages of 88, 86, 84, and 82 percent yielded 49.6, 
49.9, 49.8, and 50.8 bushels per acre, respectively. The lowest shell- 
ing percentage yielded 1.2 bushels more than the highest. The yields 
of very rough, medium rough, and smooth-grained ears were 49.2, 
52.6, and 53.5 bushels per acre, respectively, which is 3.3 bushels 
more for the smooth than the rough ears. Ears with well-filled, 
medium-filled, and poorly filled tips yielded, respectively, 51.7, 51.8, 
and 51.8 bushels per acre. Poor and partially rounded butts both 
yielded 51.0 bushels per acre compared with 50.7 bushels for well- 
rounded butts. Little relation between type and yield is shown by 
these Kansas data, aside from suggesting superiority for the rather 
slender, smooth ear of low shelling percentage. 
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Table 2. — Relation of ear characters of corn to yield, as shown by ear-to- 
rozv tests at the Kansas station, 1905 to 1909 and 1912. 


Ear character. 0 

| No. 

i ears 

1 tested. 

i Length 

of ear, 

! inches. 

Circum- 

ference. 

inches. 

Yield, 
bushels 
per acre. 

Length of ear: 





Long 

$66 

9.3 

! 48.2 

Medium 

508 

8.7 

! 48.4 

Short 

! 363 

8.1 

j 48.8 

Number of rows per ear: 




16 

s 178 

« 

43-5 

18 

; 


41*4 

20 



. . 

39.9 

Circumference of ear: 



Large 

335 


7.36 

47.9 

Medium 

552 


7.01 

49*3 

Small 

344 


6.60 

49.6 

Shelling percentage: 


: 

j 

: 

82 

; 98 

.... i 

50.8 

84 

168 

i 

49-8 

86 

* 126 


499 

88 

88 


49.6 

Type of indentation: 

i 



Very rough 

327 


! 49.2 

Medium rough 

576 


! 52.6 

Smooth and wrinkled 

343 


53.5 

Character of tips: 1 




Well filled ! 

308 


51.7 

Medium filled j 

478 


51.8 

Poorly filled 1 

216 


....' 51.8 

Character of butts: 




Well rounded 

346 


50.7 

Partially rounded ! 

423 


51.0 

Not rounded. i 

1 68 

! .... 

; 5 IO 


a Yields are to be compared only within each group and not between the 
different groups. 

INVESTIGATIONS AT THE MINNESOTA STATION. 


Extensive data from both ear-to-row and mass-selection tests have 
been reported from the Minnesota station by Olson, Bull, and Hayes 
(16). Altho comparative results are given for several localities, 
those from the University Farm alone will be given here, since these 
are, in general, confirmed by the other tests. 

I11 the ear-to-row tests, ear types of Minnesota Np. 13 corn were 
compared for five to eight years; Minnesota No. 161 types were 
tested for three to six years. The ears planted each year have been 
divided equally into two groups, representing opposites as to any one 
character. The results for the two varieties are shown in Table 3. 

Ears with small circumference yielded 0.2 percent more than the 
ears of large circumference. The extreme variation in circumference 
was from 5.5 to 7 inches. Long ears averaged 1.3 percent higher 
grain yield than short ears. The ears varied from 6.25 to 8.75 inches 
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Table 3. — Relation of ear characters of corn to yield , as indicated by data 
from ear-to-row tests of Minnesota Nos. 13 and 161 corn at 
, the Minnesota station. 


Ear character.® 

Minnesota No. 13- 

Minnesota No. 161. j 

Average, 

bu. 

per 

acre. 

Dura- 

tion, 

years. 

No. of 
ears 
tested. 

Yield, 
bu. per 
acre. 

Dura- 
tion, ! 
years. 

No. of 
ears 
tested. 

Yield, 
bu. per 
acre. 

Circumference of ear: 



| 



1 


Small 

6 

/ 226 \ 

' 57.8 

4 


178 1 

62.5 

60.1 

Large 

6 

1 I 

1 57 -fi 

4 

\ 

1 

; 62.4 

60.0 

Difference 



1 




.1 

Weight of ear: 



I 




Light 

6 

( 23 o\ 

1 57.5 

4 

1 

212 


62.3 

59.9 

Heavy 

6 i 

\ / 

i 58.x 

4 

1 

J 


62.5 

60.3 

Difference. 







A 

Shelling percentage: 

i 


! 





Low percent 

6 ! 


57-6 

4 M 

175 


62.9 

6O.2 

High percent 

6 ; 

\ 1 

58.1 

4 ; 1 

J 


62.3 

60.2 

Difference 



• 




0 

Filling of tips: 








Poor 

8 ! 

/ 315 l 

; 57.4 

6 

1 251 


62.3 

59-8 

Good 

8 

1 / 

: 57-6 

6 

\ j 


62.7 

60.1 









Filling of butts: 








*0 

Popr 

8 i 

( 25>8 1 

57*5 

6 ij 

250 


62.7 

60.1 

Good 

8 ! 

\ 1 

1 57-4 

6 




62.3 

598 

Difference 







3 

Uniformity of kernel: 

: 


, 




| 

Nonuniform 

8 | 

( 3 i°) 

1 57-2 

6 


249 


62.6 

59‘9 

Uniform 

8 

\ / 

; •» 7*5 

6 




62.2 

598 

Difference 



: 1 





Varietal type: 

: j 


j i 






Least true to type. 

8 1 

/321 1 

, ’ 57-2 

3 

/ 126 


61.0 

59 - 1 

Most true to tvpe 

1 8 1 

\ J 

1 57 *7 i 

3 

\ j 


61.5 

596 

Difference 

i ! 


1 




c 

Length of ear: 

i 


| 





O 

Short 

! 6 i 

/ 233] 

J 57.7 

4 


174 


62.0 

59.8 

Long 

, 6 1 

\ J 

58.3 

4 

. 

( 

62.9 

60.6 

Difference 

1 


1 





.8 

Total scorecard score: 



i 



] 


Low scoring 

8 1 

I 309 } 

J 57.2 

3 


f 126 


60.1 

58.6 

High scoring 

8 1 

\ j 

j 57.9 

3 



r 

61.0 

59-4 

Difference 

j 


. 1 




.8 

Maturity: 





. . 


, Less mature 

5 

/ 191 1 

L j 56.3 

3 


j 122 

> 

60.6 

58.4 

! More mature 

5 

\ j 

l; 56.3 

3 


L 


6l.O 

58 6 

Difference 



.1 




.2 

Maturity: 



1 





Scoring below 84 per- 



i 





cent 

4 

f l 

| 57-2 

3 




59.1 

58.1 

Scoring above 84 per- 


i 137 

•1 



122 




cent 

4 

1 1 . 

1 59-0 

3 




6t.i 

60.0 

Difference 



.1 


! 


T.O 


a Yields are to be compared only within each group and not between the 
different groups. 
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extremes in weight being 0.4 and 0.7 pound. Ears of high and low 
shelling percentage yielded equally, the shelling percentage ranging 
from 78 to 90 percent. 

The difference in yield between ears with well-filled tips and those 
with poorly developed tips was 0.5 percent in favor of the former. 
Ears with poor butts produced 0.5 percent more grain than those 
in length. Heavy ears yielded 0.7 percent more than light ears, the 
classified as having good butts. Ears with uniform kernels yielded 
0.2 percent more than ears with nonuniform kernels. 

Ears most true to variety type excelled in yield by 0.9 percent, 
and those scoring highest as judged by the Minnesota score card 
yielded 1.4 percent more than the ears scoring lowest. 

When classified into equal groups according to maturity of ears, 
the most mature yielded 0.5 percent more than the least mature group. 
When the ears were grouped according to whether they scored above 
or below 84 percent maturity, the ears with highest maturity sur- 
passed by 3.3 percent. 

I11 no case was there more than about a half bushel difference in 
yield between the one-third ears scoring highest in any one character 
and the one-third ears giving the highest total score as judged by the 
score card before planting (Table 4). In the majority of cases the 
slight difference in yield is against the ears with the highest total 
score. 

Table 4. — Data from ear-to-row tests of two varieties of corn at the Minne- 
sota station , showing comparison of the one-third cars having 
highest total score with the one-third ears scoring highest in ' 
each individual character. 



Minnesota No. 13® 

Minnesota No. i6i. fc 

Character. 

Actual 

yield. 

1 

Deviation 
from 
highest 
total score. 

Actual 

yield. 

Deviation 
from 
highest 
total score. 

Total score 

Bushels. 

58.3 

Bushels. 

Bushels. 

61.3 

Bushels. 

Length 

58.3 

0 

61.7 

+0.4 

Weight 

58.4 

+ .1 

61.2 

— .1 

Circumference 

! 57*9 

- .4 

62.0 

+ .7 

Shelling percent 

| 58.2 

— .1 

61.5 

+ .2 . 

Butts 

58.0 

- 3 

6l.6 ! 

+ -3 

Kernel uniformity 

58-3 

0 

«x .5 

+ 2 

Tips 

58.3 

0 

61.9 

+ .6 

Variety character 

58.7 

4 - -4 

61.9 ' 

+ *6 


a Eight-year averages. 
b Six-year averages. 
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The coefficient of correlation was calculated for 9 different char- 
acters and yield, using 314 ear-to-row plats (Table 5). No signifi- 
cant correlation was found. 


Table 5. — Coefficients of correlation for various ear characters and yield, 
from car-to-row tests conducted at the Minnesota Agricultural 
Experiment Station. 


Chaiacter. 

Length 

Weight 

Circumference 

Shelling percentage 

Butts 

Tips 

Kernel uniformity 
Variety character . 
Total score 


Coefficient of correlation. 

. . 4 - 0.098 ±0.040 
. . +0.047 ±0.044 

. . 0.052 ±0.041 

. . +0.157 ±0.043 
. . +0.006 ±0.037 
. . +0.030 ±0.038 
. . +O.O48 ±0.037 
. • +0.033 ±0.037 

.. +0.1 19 ±0.038 


Composite seed of 10 distinct ear types was planted in a compara- 
tive test during the years 1915 and 1916. As an average for the two 
years, ears of the show type were surpassed in yield by tapering ears, 
small ears, medium smooth ears, and ears with a low shelling per- 
centage. The results are given in Table 6. 


Table 6. — Relation of ear type to yield in a bulk selection of Minnesota 
No, 13 corn grown at the Minnesota Agricultural Experiment 
Station , 1915 and 1916. 


Ear type. 

Number 
of cars in 
test. 

Yield, 
bushels 
per acre. 

Deviation from 
show type, 
bu. ,per acre. 

Show type 

59 

32.6 


Long slender 

71 

31.8 

-0.8 

Short thick 

92 

31*9 

-0.7 

Tapering 

72 

34-6 

+2.0 

Cylindrical 

39 

30.2 

-2.4 

Small 

80 

33-1 

+0.5 

Rough 

79 

31.0 

— 1.6 

Medium smooth 

73 

32.8 

+0.2 

High shelling percentage 

34 

32.1 

~o.s 

Low shelling precentage 

34 

34-4 

+1.8 


The Minnesota data, taken all in all, suggest that there is no de- 
pendable superiority of one ear type over another for seed purposes. 

EXPERIMENTS IN ILLINOIS. 

Sconce (17) reports 4-year tests on his farm with two varieties 
concerning kernel shape, germ size, and number of rows on the ear 
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(Table 7). The shape yielding lowest for one variety yields near 
the maximum for the other variety. Reid Yellow Dent ears having 
kernels with small germs yielded 3.8 bushels more grain per acre than 
ears with large germs. In the case of Johnson County White, the 
ears having large germs surpassed by 3.9 bushels. As an average 
for both varieties, yields from both germ types were practically equal. 


Table 7. — Relation of kernel size and shape to yield of corn , as shown by 
experiments of Sconce with R$id Yellow Dent and Johnson 
County White . 


Character.® 


Yield in bushels per acre. 


Reid Yellow Dent. 


Johnson County White. 


Size of kernel : b 

17 x 12 

18 x 12 

19 x 10 

19x11. 


I 


1006. 1907.; 1 908. 11909. ! 1910. | Ave. '1907.' 1908. !i909.|i9io. Ave.! 


. j 88.8 
.1 87.1 


..181.7! 

20x10.... | .... | 77-o 


64.2 

66.5 


I 

98 . 4 i 79 - 9 ; • 


68.2 

63. Oj 96. ij 78.2 80.5 


! 1908.I 

i 1 

1909. 

i 

1....: 

1 

! 


64 . 5 ! 7 1 *° j 94-3 
64.51 58.4! 92.1 




. I . 


i 


20 X II 

21 X II 
21 X 12 

Germ : 

Large ! 79. 4| 62.8 

Small ! 84.21 64.5 

No. of rows: ! | 

16 46.6 80.2 61.5 

18 i 48.1 82.9! 66.0 

20 ! 48.81 80.8 61.5 


66.0 97.3 
74-3j 97*7 

■ * * - ! 95-1 
! 92.1 

... | 98 .i 


22 1 43 - 5 i 77.8 65.0! 1 95*41 


77-9 

73-0 


76 . 4 ; 

80.2 

70.8 

72.3 

72.3 

70.4 1 


85.0: 72.0 


71.4: 80.8 


84.0; 60.0 
81.2! 69.0 

84.0 64.0 

86.71 68.1 
80.0! 66.0 

i 

79.7! 62.8 
85. ij 68.7 

86.01 72.7 
81.2; 60.0 


68.2 


82.4 

66.9 


63.3 

82.0 


89.3 ! 


80.0; 74-31 


62.0! 89.6I 74.91 


75 - 7 ; 86.7 
70.01 85.6 


79 . 3 : 
75 * 4 : 

j 81.0; 74 4 ; 

. . . j 88.1. 80.6; 
. . . j 87.3! 82.0; 
• U ! 79-o| 73 


Ave. 

both 

varie- 

ties. 


74.0I 

76.8! 


78.91 


77-8 

77.8 

72.6 

76.4 

77-1 

71.9 


a Yields arc to be compared only within each group and not between the 
different groups. 

6 Length and width in thirty -seconds of an inch. 


Averaging both varieties, ears with 16, 18, 20, and 22 rows of grain 
yielded, respectively, 72.6, 76.4, 77.1, and 71.9 bushels of grain per 
acre. These figures suggest that ears with a medium number of rows 
are superior under Illinois conditions. Funk (4) has a number of 
times called attention to the superiority, under Illinois conditions, of 
more slender ears with smoother and shallower kernels than the pre- 
vailing corn show standards called for. 


EXPERIMENTS AT THE CORNELL (N. Y.) STATION. 

Love and Wentz (12) report five years* results from ear-to-row 
tests, which indicate that ears of low shelling percentage (81. 1 per- 
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cent) yielded 9 percent more grain per stalk than ears of high shelling 
percentage (87.6 percent). Coefficients of correlation have been cal- 
culated for grain yield per stalk and various ear characters during the 
two years 1909 and 1910 with Minnesota No. 13 and Funk Ninety 
Day (Table 8) and with the latter variety (Table 9) during the five 
years 1910 to 1914. No dependable correlation with yield was found 
for any of the ear characters. 


Table 8. — Coefficients of correlation of car characters with grain yield per 
stalk, derived from data from ear-to-row tests at the Cornell University 
Agricultural Experiment Station. 


i 

Seed-ear characters 
correlated with 
yield per stalk. 

Minnesota No. r.b 

igog. rijio. 

Funk Ninety Day. 

1909. 1910. 

Length 

— .009 * 076; 

.241 =fc .064 

.300 »*■ .061 .058 ± 067 

Weight 

.094 ± .076 

.015 .O68 

•323 * .060 .090 * ,067 

Number of rows 

.260 at .072 

— .127 . 0()7 

— .061 =*= .069 —.034 * .067 

Weight of kernels 

1 

.028 =*= .068 

.043 =*= .067 

Ratio of tip circumference to j 

i 



butt rirrnruferenre 


— .162 =*= .066 

.014 * .067 

Percentage of grain ! 

— .177 * .066 



Table 9. — Coefficients of correlation of ear characters with grain yield per 
stalk of a strain of funk Ninety Day corn, derived from data from 
car-to-row tests at the Cornell University Agricultural Experi- 
ment Station during the five years from 1910 to 1914. 


Seed-ear characters 
correlated with 
yield per stalk. 

Coefficient of correlation. 

1910. 

1911. 

1912. 

1913. 

1914. 

Length 

.013 =*=.067 

-.013 =*=.067 

— .102 =*=.069 

.026 sfc.067 

.165 =t.o66 

Average circum- 






ference 

.187 *.065 

. 249=^053 

.360 *.061 

.104 *.067 

.134=^.067 

Ratio of tip to butt 






circumference . . . 

-.037 =t .067 

— .087 ±.067 

.019 *=.070 

.085 *.067 

— .131 st.067 

Average circumfer- 






ence of cob 

.I69 =*.066 

.126 =*=.066 

.274 ±.064 

.130 =*=.066 

.185 *.066 

Weight 

.023 ±.067 

.108 -*--.o67 

.249 ±.065 

.156 =fc.o66 

.099 ^.067 

Percentage of grain 

— .102 ^.067 

-.173 =*.065 

— .051 *.069 

— .046 =*=.067! 

— .183 =*=.066 

Average weight of 






kernels 

— .105 *.067 

— .114 sfc.067 

.112 sfc.069 

—.152 *.066 

.082 sfc.068 

Number of rows. . . 

.113 =*=.067 

.097 **=,067 

.083 ^.069 

—.067 *fc.o67j 

.032 *=.068 

Average length of 



I 



kernels 


.038 *.067 



— .043 =**.068 

Average width of 




kernels 


.162 ^=.066 



.065 *.068 


INVESTIGATIONS OF THE U. S. DEPARTMENT OF AGRICULTURE. 

Biggar (x) reports the relative yields from long and short ears of 
five varieties tested in ear-to-row tests for several years. The long 
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ears consistently yielded from i to 9 percent more than the short ears 
(Table 10). The coefficients of correlation were calculated for yield 
and ear characters of the same five varieties (Table 11). A slight 
positive correlation is indicated for weight and length of ear, while a 
very slight negative correlation is suggested for number of rows and 
shelling percentage. 

Table 10. — Relation of length of seed ears and yield of corn , as shown by 
data from ear-to-row tests of the United States Department of 
Agriculture. 


! | Length of ears. Relative yields. 

Variety. ! Period of ! 

! test. j I i 

i j Short, i Long. Short. Long. 

Inches. Inches . Percent. ; Percent. 

Selection 77 j 1914-1917 7-9 90 100 . 101 

Selection 120 j 1915-1917 8-3 9-3 100 ; 101 

Selection 1 19 1915-1917 8.3 9.5 100 109 

Selection 133 i 1912-1914 j 6.7 7.5 100 107 

Selection 204 . . . . . : ! 1916-1918 j 7.5 8.5 100 103 


Table 11. — Coefficients of correlation between yield and ear characters of 
corn , from data from car-to-row tests of the United States 
Department of Agriculture. 


Variety and year. ! Weight. Length. Number ! Shelling 

| of rows. j percentage. 

I ■ 

Selection 77: i j 

1914 1 +.085^.073 -f. 177^.071 I -f .046 *.073 ! -.309^.066 

1915 -f.a6isfc.065 +.067^.071 | —.028 =*=.070 !— .028=^.070 

1916 | 4-.188 =*=.061 -f .120 =*=.064 j-f-.025sfc.063 j— .105^.063 

1917 | -f.o64=fc. 072 +.133^.072 —.146^.071 : +.001 =fc.073 

Selection 120: ] 

1915 j-f.200sfc.090 -f.175sfc.091 —.266 =*=.089 — .I48=fc.09i 

1916 ! -f.076sfc.083 -f.ooi=fc.o83 -f.062sfc.082 -f.276sfc.077 

1917 ■ -f .200 sfc.091 -f.279sfc.090 — .025 =*=.095 — .117^.093 

Selection 119: i I 

1915 | -f_.296sfc.074 -f.23isfc.079 -f.063sfe.081 ! -f.067 *.082 

1916 -f.13isfc.083 -f.354 :fc *075 —.147 *.082 j —.063 -fc .084 

1917 +.565^*061 -f.330sfc.081 -~.13isfc.088 ! +.155 sfc.088 

Selection 133: 

1912 -f.070sfc.079 -f.063sfc.080 — .077sfc,o79 —.370^.076 

1913 +.334^.072 -f .381 *.071 -f.o6ist.o8i — .oi7»fc.o8i 

1914 -f.130sfc.070 -f.301 =fc.o66 -f.015* .071 -f.166sfc.069 

Selection 204: 

1916 -f. 145 *.093 +.082 *.096 — .024^.095 —.368*.o8a 

1917 . — .074=^.062 -f.068sfc.064 —.040=*. 063 -f.042sfc.063 

191J* •_ +.097 *- 075 4-. 2 76s fc.07 1 -f .055 sfc.075--.263 * .070 


TESTS AT THE VIRGINIA STATION. 

Hutcheson and Wolfe (7) offer two years’ data from ear-to-row 
tests in support of the customary score card as a guide for selecting 
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high yielding seed ears. In all, 140 ear-to-row tests were made in 
1916 and 98 tests in 1917. The yields from the 12 highest yielding 
rows in 1916 and the 9 highest yielding rows in 1917 are contrasted 
with the yields from the 10 lowest yielding rows of 1916 and the 11 
lowest yielding rows of 1917 (Table 12). The ears harvested from 
these highest and lowest yielding rows were then scored according to 
the Virginia score card. As an average for the two years, the lowest 
yielding group fell 17.7 bushels per acre short of the highest group, 
which in turn conformed most nearly to the score-card requirements 
in nearly all particulars. The ear-to-row plats in this experiment 
consisted of two rows 66 feet long, which provide for a total of about 
36 hills from each ear. 


Table 12. — Relation between yield and various seed ear characters of the 
crop harvested from the high and from the low yielding rows, 
in an ear-to-row test with Boone County White corn at the 
Virginia Agricultural Experiment Station, in 
IQ 16 and igiy. 


Character. 


Yield per acre (bushels) 

Average length (inches) 

Average circumference (inches) 

Ratio of tip to butt circumference 

Average circumference of cob (inches) 

Percentage of grain 

Average number rows 

Average length of kernels < inches) 

Uniformity of exhibits (percent) 

Shape of ear and trueness of type (percent) 

Character of tips (percent) 

Character of butts (percent) 

Uniformity of kernels (percent) 

Shape of kernels and size of germ (percent) 

Space between kernels (percent) 

Spare between rows (percent) 


Measurement of score. 

High 

yielding 

strains. 

Low 

yielding 

strains. 

Difference. 

72.5 

54-8 

-17.7 

8-5 

8.0 

~ -5 

6.8 

6.6 

— .2 

9 

.9 

0 

4.2 

4.0 

— .2 

82.4 

82.3 

— .1 

16.6 

16.5 

- .1 

•4 

! .4 

O 

52.2 

48.1 

~ 4.1 

; 48.5 

44-6 

- 39 

435 

36.3 

— 72 

i 49.3 

48.0 ! 

- 1-3 

1 49-9 

45-8 ! 

- 4-i 

52.6 

47-0 i 

- 5.6 

62.3 

61.9 j 

- -4 

' 57-6 

58.9 ! 

+ 1-3 


In addition to the authors, Carrier (2) has interpreted these data 
as confirming the practical value of the score card in seed-corn 
selection. 

There may be some doubt, however, as to whether the score-card 
differences indicated in Table 12 should be assigned as the underlying 
cause of this wide difference in yield. The superior score of the ears 
harvested from these high-yielding plats may, perhaps, be no more 
the cause than the effect of high yield. The causes may be entirely 
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foreign to ear-type considerations. Variations of as much as 5 per- 
cent in the perfection and uniformity of ear and kernel development 
and 25 percent in yield per acre may easily result from soil hetero- 
geneity and stand variations within a series of 200 or 300 short corn 
rows. Any adverse environmental factor is likely systematically to 
reduce both the yield and score of an ear-to-row plat. The manner 
of comparison reported in this test does not appear to provide for the 
random and accidental distribution of inherently high and low scoring 
types in the field. The method employed permits the combination of 
any yield factors, and the most adverse combinations, whether seed 
or environmental, determine the opposing groups of plats. The more 
adverse combinations commonly result in the lowest scoring ears 
harvested. 

In a test of this character it would appear that the aim sought could 
be best achieved by correlating the yield with the score of the corn 
planted, rather than the score of its progeny, and then comparing the 
yields from the high and low scoring types. 

TESTS AT THE NEBRASKA STATION. 

The early investigations at the Nebraska station regarding the rela- 
tion between ear characters and yield were begun- by Lyon in 1904 
and continued till 1911 by Montgomery. A lot of rather long, slen- 
der, smooth ears with grains of only medium depth was selected from 
a general lot of Reid Yellow Dent corn harvested in 1904. The ears 
were grown in 1905 in comparison with the original standard Reid. 
During the three succeeding years this test was continued, selecting 
each year the long smooth ears grown from the long smooth ears of 
the previous year (14). As an average for the four years’ test 
(Table 13), the long smooth type surpassed the standard type, with 
its greater circumference and rougher and deeper kernels, by 7.8 per- 
cent in yield. 

Table. 13 . — Average yield in bushels per acre obtained from long smooth 
ears of Reid Yellow Dent corn compared with the standard medium 
rough type of that variety at the Nebraska Agricultural Experi- 
ment Station during the four years from 1905 to 1908. 


Yield, bushel* per acre. 

Year. Smooth type. Standard type. 

1905 69.7 59-4 

1906 4 7-2 Si -4 

1907 69.9 64.1 

1908 ..... 56.8 51.2 

Average 60.9 56.5 
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In 1909 five prize-winning show exhibits from Illinois, Indiana, 
and Ohio were compared for yield with ordinary corn of five varieties, 
obtained in Nebraska at a distance of fifty or more miles from the 
experiment station, and also with seven varieties secured locally. The 
show character of the seed from other States in no way offset the 
more important consideration of local adaptation (15). The average 
yields of these three lots of corn were, respectively, 39.8, 45.6, and 

48.8 bushels per acre. 

In 1910 five yellow and five white exhibits of good show type and 
five exhibits of poor show type were obtained from the Nebraska 
State Corn Show. When these three lots were compared for yield 
at the experiment station, they produced, respectively, 56.1, 55.8, and 

56.9 bushels per acre. 

In 1910 a number of Nebraska corn growers responded to a request 
to send to the experiment station samples of corn which they regarded 
as consisting of “ good and selected ” ears and other samples of “ poor 
and run-down ” ears. These were tested at the station and averaged 
53.6 and 53.2 bushels, respectively. 

During the three years from 191 1 to 1913 a “ high-yielding , ear ” 
contest was conducted in cooperation with the Nebraska Corn Im- 
provers’ Association. A large number of farmers each year entered 
an ear of corn which they regarded as a high-yielding ear. These 
were tested the following year by the experiment- station, in an ear-to- 
row test, and the results were shown at the following corn show. 
The ears represented a great variety of types. It became evident 
from these tests that there was no dependable relation between type 
of ear and yield produced. For example, in 1911 an experienced 
corn show exhibitor won first premium at the State show on a single 
ear which was judged by the score card, while a similar ear which he 
entered in the high-yielding ear contest yielded the least of any of the 
28 ears tested that year. 

In 1917 the grand champion single ear and the grand champion 
ten ears of the State Corn Show were grown and entered by the same 
exhibitor, Glen Wilson, who is a young farmer residing about 50 
miles northeast of the experiment station. In the season of 1917 
both exhibits were tested at the experiment station in comparison with 
the growers’ bulk seed from which the exhibits had been very care- 
fully selected, and also in comparison with Hogue Yellow Dent corn 
which has never undergone any selection for a fixed type and consists 
of a great mixture of types. Wilson’s grand champion single ear 
yielded at the rate of 45.6 bushels per acre, his State champion 10-ear 
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exhibit yielded 49.5 bushels, and his bulk farm seed yielded 50.8 
bushels. In comparison, the Hogue Yellow Dent yielded 51.2 bushels. 
These results indicate that no yield improvement had been effected by 
selecting the high scoring types. 

The butts, middles, and tips of Nebraska White Prize corn were 
compared (Table 14) during the four years 1914 to 1917 and yielded, 
respectively, 60.1, 60.7, and 61.7 bushels per acre. This suggests that 
all parts of an car of corn have inherently about equal yielding power. 
In connection with this experiment, attention may be called to the 
statement by Miss Mary Lacy (10) summarizing all experiments to 
date (1915) on this subject: “In four out of eighty-one cases re- 
ported, we may be sure that the yield has been increased by the use 
of tip seed, and in the other cases there is no evidence that the use of 
tip seed has decreased the yield.” 


Table 14. — Annual and average yields in bushels per acre obtained from 
butts , middles , and tips of Nebraska White Prize corn at the 
Nebraska Agricultural Experiment Station , 1914 to 1917. 


Seed 

planted. 

Yield, bushels per acre. 

T9T4- 

1915. 

1916. 

IPI7. 

Average. 

Butts 1 

48.8 

77.0 

65.0 

49.6 

60.1 

Middles 

48.0 

76.8 

68.8 

49-4 

j 60.7 

Tips 

_ 49-6 

• 75 *3 

69.3 

52.7 

1 61.7 


During the four years 1914 to 1917 four distinct ear types were 
selected from the general variety of Nebraska White Prize corn and 
tested for yield (Table 15). Continuous type selection was not prac- 
ticed in this test. The types were (i) large rough, (2) short rough, 
(3) short smooth, and (4) long, slender smooth. They yielded, re- 
spectively, 51.4, 57. r, 56.7, and 58.8 bushels per acre as a 4-year 
average. The original unselected corn yielded 58.1 bushels in com- 
parison. The long, slender, smooth type of ear was the highest 
yielder and produced 14.4 percent more than the large rough type, 
but only 1.2 percent more than the original unselected corn. In this 
test the rough ear type planted had distinctly deeper kernels, larger 
ear circumference, and one-fourth more rows per ear. The char- 
acters tended to come true to type in the progeny, tho in a very 
marked lesser degree, as shown in Table 16, due to their complex 
germinal constitution resulting from promiscuous pollination. 
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Table 15. — Annual and average yields in bushels per acre from different ear 
types of Nebraska White Price corn at the Nebraska Agricultural 
Experiment Station , 1914 to 1917. 



j 

Yield, bushels per acre. 


Type of ear. 







1914- 

| J915. 

| jqt 6. 

19 1 7* | 

Average. 

Original 

' 48-7 

j 64.8 

65.5 

' 53-5 \ 

58.1 

Large rough 


6.S-3 

! 64.4 

1 45-9 

5i-4 

Short rough 

44.4 

68.9 

; 65.1 

! 49-9 

57.1 

Short smooth 

45-o 

72.6 

j 60.1 

! 49.2 

56.7 

Long slim smooth 

48.7 

66.4 

65.2 

j 54*9 

58.8 

Number of duplications. 

: 6 

8 

14 

! 7 

- 

Table 16. — Relation ^ 

/ ear type to 

yield of 

a bulk 

selection of Nebraska 

White Prize corn 

grozmi at the 

Nebraska Agricultural Exp crimen t 

Station. Pour-year 

average , 

1914 to 

W 7 - 



; 

; Ear 

i Number 

; 

Length Width 

1 Yield 

Ear 

Ear , rircum- 

; ol rows 

Ear : 

of 100 of 100 

per 

type. 

length, i ference. 

j 

per ear 

weight . 1 

kernels, kernels. 

acre. 


Inches. ! Inches. 

i i 

Pounds. , 

Inches. Inches. 

Bu. 


MEASUREMENTS OF EARS PLANTED. 



Long, large, rough 

10.4 7-8 

j 22 ! 

1.1 j 

59 ! 3i 

51.4 

Short, large, rough 

7-3 j 7-5 

! 20 * 

0.8 ; 

58 . 32 

57-1 

Short, slim, smooth. . . . 

7-7 1 5-7 

| t6 ! 

0..S j 

45 i 32 

56.7 

Long, slim, smooth 

10.4 6.2’ 

i 16 i 

0.8 1 

46 32 

58.8 


MEASUREMENT OF EARS HARVESTED. 



Long, large, rough 

6.3 ! .SO 

T8.2 | 

■36 

49 33 

51-4 

Short, large, rough 

6.3 5-9 

17.8 j 

.41 

50 32 

57-1 

Short, slim, smooth. . . . 

6-4 55 

‘ iA-7 ‘ 

•37 

47 32 

5^> -7 

Long, slim, smooth 

6.8 5.6 

17-4 1 

.41 ! 

47 31 : 

S8.8 


In 1916 and 1917 deep-grained rough ears and shallow-grained 
smooth ears of Hogue Yellow Dent corn (Table 17) were compared 
with unselected bulk seed of the same variety. The 2-year average 
yields were, respectively, 64.0, 69.6, and 64.5 bushels per acre. 

Table 17. — Relation of ear type to yield in Hogue Yellow Dent corn as shown* 
by acre yields in bushels at the Nebraska Agricultural Experiment 
Station $ 1916 and 1917. 


Yield, bushels per acre. 


Ear 


type. 

1916. 

1917* 

Average. 

Deep rough kernels 

1 1 

72.0 

1 56.0 

64.0 

Shallow, smooth kernels 

80.1 

j 59-2 

69.6 

Unselected 

71.7 

57-4 1 

64.5 
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Further evidence of the undesirable nature of deep grained corn 
was secured indirectly in 1917. The ears harvested on December 29 
from a field of Hogue Yellow Dent corn at the experiment station 
were divided into groups according to their apparent soundness, ma- 
turity, and solidity. These groups were tested for germination and 
the average length of kernel was determined for each (Table 18). 
Beginning with the most mature group, the germination for the five 
groups were, respectively, 93, 59, 14, 5, and o percent, and the corre- 
sponding kernel lengths were 0.49, 0.50, 0.52, 0.54, and 0.57 inch. 
On December 29 these groups contained, respectively, 15, 16, 19, 21, 
and 28 percent moisture. Corresponding groups at the time of the 
first killing frost, on October 8, 1917, contained 35, 39, 43, 47, and 
50 percent moisture. The high moisture content is due to this having 
been an abnormal season for corn. 


Table 18 . — Relation of kernel length to moisture content and freezing injury 
of corn when husked from the field during the fall and winter 

of 1917 . 


Condition of corn 
at time of 

first frost, October 8 . 

' 

Moisture in grain 
gathered on — 

Germination of corn 
gathered on — 

Length of 
kernel. 

Oct. 8 . 

Dec. 20 . 

Oct . 8 . 

. Dec. 2 Q. 

Dec. 20 * 


Percent . 

Percent. 

Percent. 

Percent. 

Inches. 

Fairly well matured and ears 






solid 

35 

IS 

98 

93 

0.49 

Somewhat rubbery and ears 






twist 

39 

16 

94 

59 

•50 

Very rubbery and grain medium 

i 



i 


soft 

43 

19 

92 

i 14 

‘52 

Grain very soft 

47 

21 1 

92 

| 5 

•54 

Late dough stage 

i So 

28 ! 

82 

1 o 

*57 


The Nebraska type studies indicate superior yields for shallower 
and smoother type selections than is customary in the more favored 
corn sections of the State. The sorts worked with were all standard 
# full season varieties. I am not inclined to believe that this increased 
yield is due merely to the difference in ear type, but rather because it 
represents slightly earlier maturing and less rank growing plants. 

Whether a corn grower may effect the greater improvement in the 
yield of his corn by selecting the smoother or rougher type of ear will 
probably depend upon whether his corn is now somewhat too small 
and early, or whether it is too late maturing and rank growing. In 
farm practice this adjustment of plant type to local conditions may 
be gradually effected by either selecting seed from the plants in the 
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field which possess the desired characteristics or else by selecting for 
seed those ears which suggest greater or less earliness and vegetative 
growth. In well-adapted corn it will probably prove advantageous 
to select for seed a mixture of ear types. Fancy ear considerations, 
such as perfect tips and butts, cylindrical ears, and uniformity of ears 
in size and shape, uniformity of kernels in size, shape, and indenta- 
tion, and straightness of rows, are nonessential trom the yield stand- 
point. 

In general, for most Nebraska conditions at least, and probably for 
all regions not more favorably situated, distinctly deep-grained and 
rough ear types should be avoided. A distinct change in sentiment 
has in recent years taken place among some of our most prominent 
corn men in Nebraska,, and they assert that experience has taught 
them to get away from the old-time rough, deep-grained corn and to 
follow a middle of the road policy. 

EAR TYPE AND DISEASE. 

It would appear that investigations of the root, stalk, and ear rot 
diseases of corn have not progressed sufficiently far to warrant con- 
clusions regarding their significance in connection with ear-type per- 
formance. Disease may be one cause of rough, starchy, and chaffy 
kernels. But rough, starchy kernels are certainly not necessarily a 
criterion of disease. We probably can concede that the deep, rough, 
starchy kernel is at least as well adapted to the highly favored corn 
district of Franklin County, Ind., which is noted for its superb corn 
of this type, as some other type might be. Ears bearing evidence of 
disease or low viability should not be chosen for seed. The recent 
work of Hoffer and Holbert (5, 6) and others will doubtless stimu- 
late more general investigations along these lines. 

EXTREME UNIFORMITY OBJECTION ABLE. 

In general, the principle of selecting for extreme uniformity in ear 
type or other plant characteristics is faulty. Corn is normally a 
complex and cross-fertilized crop. Artificial inbreeding of corn in 
which an ear is fertilized by pollen from the same plant greatly re- 
duces the yield of the succeeding corn grown from the inbred seed. 
After four or five years of such inbreeding not more than one-fourth 
the normal production may be expected. The plants and ears, how- 
ever, all come to be uniform in type. No one ever attains with his 
corn such a degree of purification of the germ elements by practicing 
rigid type selection, but there is a tendency to approach in a small 
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measure such purification and reduced production. The principle of 
broad breeding in which varied types enter into the constitution of the 
corn is correct. 

A striking and unexpected occurrence of such reduced production 
by unconsciously restricting the seed to too great a degree of purity 
may be cited as follows : The Nebraska experiment station began 
ear to-row corn-breeding experiments in 1902. It was pioneer work 
and no one knew what was the best procedure to follow, so several 
plans were carried out and have been continued to the present. Of 
the 100 ears planted and tested individually for yield by the ear-to- 
row method, ear No. 64 surpassed all others. In order to avoid 
crossing with other and perhaps lower yielding ears, the remnant of 
ear No. 64 was planted off by itself the following year in an isolation 
plat. This procedure with strain No. 64 has been continued each 
year, with the result that, as an average for the seven years (1911- 
1917) when grown in a yield test with the original Hogue Yellow 
Dent corn, from which it was once selected as the premier, it has 
yielded 47.7 bushels as compared with 53.6 bushels per acre. This 
is practically a 6-bushel inferiority. In a comparable test in which 
four high-yielding ear-to-row strains were originally mixed together, 
and continued each year in an isolation plat, the yield has been nearly 
1.4 bushels more than the original corn and 7.3 bushels superior to 
strain No. 64. 

The Nebraska results from continued selection for high vs. low 
ratio of leaf area in proportion to dry matter may serve as a further 
illustration of unexpected reduction in yield due to continued type 
selection. During the seven years from 1911 to 1917 these two 
strains were compared with their F t hybrid as well as the original 
Hogue Yellow Dent from which they were selected. The strains 
originated from individual plants which differed in their amount of 
leaf area in proportion to dry matter. These characters had become 
fairly well fixed by continued selection for three years. They were 
thereafter grown in isolation plats, selecting each year well-developed 
ears from plants of the desired type. The low leaf area strain aver- 
aged 1,034 square inches per stalk and the high leaf area measured 
1,340 square inches, while the original corn averaged 1,195 square 
inches of leaf area. Under comparable conditions during the seven 
years the yields of the low leaf area, high leaf area, original, and 
Fj hybrid Hogue Yellow Dent have been, respectively, 51.9, 47-8, 
53.4, and 53.5 bushels per acre. 
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As Olson, Bull, and Hayes (16) have also pointed out for the 
classical type selection by Hopkins and Smith in Illinois, for high 
and low oil and high and low protein, we may have an excellent 
example of reduced yield resulting from continued type selection. 

Various degrees of closeness in breeding may be artificially effected. 
Results at the Nebraska Agricultural Experiment Station indicate 
that the closer the breeding, the smaller the yield. Thus, as a 7-year 
average, Hogue Yellow Dent corn which was 

1. Inbred, yielded 16.8 bushels. 

2. Narrow bred within a strain, 42.2 bushels (seed continued by single ear, 
fertilized by composite pollen from sister plants). 

3. Broad breeding within a strain, 49.2 bushels (seed continued from 
composite ears, fertilized by composite pollen from sister plants). 

4. Cross breeding between strains, 54.0 bushels. 

5. In comparison with the above, the original wind-fertilized Hogue Yellow 
Dent corn has yielded 53.1 bushels per acre. 

SUMMARY. 

A review of the available data indicates that, within reasonable 
limits at least, variations in ear characters are rather neutral in their 
effect upon the yield of dent corn, except when they are definitely 
linked with special adaptive growth characteristics of the plant. 
Thus, slender ears with smooth, shallow kernels tend to be produced 
on earlier maturing, smaller, and less rank growing plants than are 
large, rough, deep-kerneled ears of the same variety. In the States 
of Kansas, Nebraska, Ohio, and Illinois, where the tendency has been 
to grow too large and late maturing corn types, selection of the rather 
long, slender, medium smooth ears, with kernels of medium depth and 
medium shelling percentage, results in somewhat increased produc- 
tion. Ear and kernel characters, aside from those known to indicate 
soundness and special adaptation, have little significance as indicators 
of high producing seed ears. 

There are indications that close type selection, if long continued, 
may even reduce productivity, thru an approach tow r ard gametic 
purity for the selected characters. This may also account in part for 
increased yields sometimes obtained from F x variety hybrids. Many 
institutions and individuals have practiced continued type selection in 
order to achieve uniformity and have perhaps unwittingly introduced 
an element of close breeding. 

It has recently been proposed that the root, stalk, and ear rot dis- 
eases are somewhat associated with dull and starchy kernels and with 
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discolored or shredded shank attachment. Further and more general 
investigations may disclose the full significance of ear characteristics 
as disease indicators. The proposed control of these corn diseases 
opens a new and important field for investigation. 
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VIABLE LEGUME BACTERIA IN SUN-DRIED SOIL . 3 


Wm. A. Albrecht . 2 

Instructions for the general ‘practice of inoculating soils with 
Pseudomonas radicicola for new legumes by transfer of infected soil 
usually include the precaution that the infected soil must not be 
exposed to the sunlight (l), (2), (3), (4), (8). 3 It is generally 
believed that the organism is killed by such treatment or injured to 
such an extent that the soil will not serve effectively as jnoculant for 
the legume crop on the new soil. It is sometimes recommended that 
the soil used for inoculation shall be scattered only on rainy or dark 
days, or that if used on a bright sunny day it shall be scattered in 
advance of some tillage operation (2) and worked into the soil im- 
mediately, since “the desirable bacteria are readily killed by exposure 
to the sun ” ( t ) . Such statements would lead to the belief that the 
organism is readily killed, and that the infected soil becomes worthless 
as inoculating culture by allowing it to dry in the sun. 

The apprehension of this danger seems to have arisen from fancy 
rather than fact. It may have tome from the general knowledge 
that sunlight is a good sterilizer, but evidently not from definite 
experimental work. To find out whether sunlight actually destroys 
the efficiency of infected soil as an inoculating agent, we have made 
some tests on soils used in a study of the longevity of Pseudomonas 
radicicola. 

Four fertile silt loam soils, of two different soil types, each of 
which produced good crops of thoroughly inoculated red clover and 
soybeans one year, were collected in the following spring and divided 
into equal parts. One-half of each sample was spread out as a thin 
layer about inch deep in direct sunlight until thoroly dry, and then 
exposed for two months in a similar way on a bench in a green- 
1 house. The other half was taken into a dark room for drying. Both 
soils were later stored away from the light and heat, in sterilized jars, 
with every precaution against contamination, and then tested for their 

1 Contribution from Missouri Agricultural Experiment Station, Columbia, 
Mo. Received for publication May 23, 1921. 

2 Associate Professor of Soils. 

8 Reference by number is to “Literature cited”, p. 51. 
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ability to produce nodules on these two crops, as compared with the 
original soil left in the field. 

To determine whether the Pseudomonas radicicola remained viable, 
soybean and red clover plants were grown in these soils within sterile 
bottles carefully handled to prevent the introduction of this organism 
from any other source. The production of nodules on plants grown 
from sterile seeds under such conditions would necessarily mean that 
the organism was living in the soil and had retained its power of 
infection. Approximately 750 grams ol soil were put into wide- 
necked bottles of about 2-liter capacity, with inverted pint cups as 
covers; moistened with sterile water and planted with sterilized red 
clover and soybean seeds (7). From 2 to 4 plants of soybeans and 
3 to 6 clover plants were grown in each bottle. After sixty days 4 the 
plants, tho small, were carefully removed by washing out the soil 
with running water and examined for nodules. As a check on the 
method plants were grown in sterile sand. These remained free from 
contamination. 

The above test was repeated at intervals of six months for five 
times with the results given in the table : 

Nodule Production in Soils with Different Treatments. 

Nodules per plant. 

Soybean. Red Clover. 

5 5 (0-15) 8 (4-14) 

5 ( 0 - 14 ) 9 (2-22) 

9 (2—20) 10 (5-19) 

From the above table it is evident that in the trials with the soy- 
bean organism there was a slight increase in the number of nodules 
produced with the decrease in the severity of the treatment, while 
for the red clover organisms there was less difference. The red 
clover thrives better under such adverse conditions as those existing 
in a closed container and bears many small nodules, but in case of 
both these legumes the growth was excellent and the plants were 
thrifty. The soil dried in the sun and that dried in the dark produced 
nodules on both kinds of legumes as well as the untreated fresh soil, 
hence the bacteria must have lived thru the treatment. 

4 In speaking of red clover Hunt (5) says, “ Under greenhouse condition 
tubercules appear upon the main root in two weeks and upon the branches 
in four weeks.” On basis of this statement sixty days were taken as time 
for plant growth to produce nodules. 

5 Figures are the averages from twenty bottles representing approximately 
a total of 64 soybean and 100 clover plants. Figures in parenthesis denote 
the range of numbers of nodules per plant. 


Soil Treatment. 

Dried in the sun and stored 

Dried in the dark and stored ...... 

No treatment. Fresh field soil . . . . 
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In this method of testing soil for the presence of the legume organ- 
ism — and at present it is the only method available — such numbers 
of readily visible nodules on plants so small indicate that the Pseudo- 
monas radickola was effective for inoculating the following seeding 
whether the soil containing it was dried in the absence or in the 
presence of direct sunlight, and that the dried soil stored for 30 
months was as good for inoculating purposes as the fresh moist soil 
gathered from the field. These results indicate that direct sunlight 
and desiccation are not as destructive to this organism in its native 
habitat as has been stated (6), and that even tho some of the legume 
bacteria may be killed when the infected soil is exposed to the sun, 
the number of them so destroyed is not great enough to impair seri- 
ously the efficiency of such soil as an inoculating culture. 
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AN APPLICATION OF CLOSE BREEDING IN CORN WHICH 
PRODUCED NUMEROUS ALBINOS . 1 


A. N. IIume . 2 


In South Dakota Bulletin 186 it was attempted to set down some 
definite procedure for laying out a corn-breeding plot that should con- 
form as nearly as possible to known principles, and also be practicable 
in farm management. It is admittedly a task to know all principles 

1 Contribution from the South Dakota Agricultural Experiment’ Station, 
Brookings, So. Dak., for publication September 12, 1921. 

2 Agronomist and superintendent of substations. 
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involved, and it is a puzzle to observe those principles in offering a 
practical plan to corn growers whereby they can depend on securing 
strains of corn bearing, for example, “ determiners ” of high yield. 

The writer is attempting to develop “ All Dakota ” corn by applying 
a system of (i) continuous selection, (2) hybridization, (3) intro- 
duction of promising new strains. The present season is the sixth 
year for the breeding plot under discussion, and up to the present 
“ All Dakota ” appears to have developed favorably to the system. 

It is of importance to develop a “ variety ” of corn for any given 
state. It is more important to define the steps that are essential prac- 
tically from the standpoint of actual corn growers. For instance, is 
continuous selection essential in practical corn breeding? If so, in 
what respect? 

The occurrence of albinos in certain rows of our “All Dakota ” 
breeding plot this season may have some bearing upon this and similar 
questions. These albinos appeared within certain rows, which were 
collectively intended for the introduction of ears representing strains 
from outside sources. All of the albinos, however, appeared in the 
“ sire ” rows, which had been planted with kernels from either one of 
two ears, numbered, respectively, 19- and 21-. These two ears 
(more accurately the kernels borne by them) carry identical heredi- 
tary factors so far as our record can show. Moreover, both are 
close-bred ears (kernels) from the same “sire” row of “All Da- 
kota ” breeding plot of 1920. The pedigree of both ears is indicated 
by the following arrangement of ear numbers : 

1 1 j 

174 ( S.D. 86) 

140 
1 88 

198 (S.D. 86) 
188 
104 
112 

T 74 (S.D. 86) 
140 
r88 
14:) 

198 (S.D. 86) 
188 
104 

Both produced numerous albinos this year (1921), and there hap- 
pened to be no other albinos in the plot. 
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Albinism is apparently forced to show itself as a result of close 
breeding or inbreeding. Would it not follow that the surviving 
selected progeny of inbred or close-bred ears (kernels) would be com- 
paratively freer from the “ genes ” of albinism; and in like manner 
freer from other fatal or undesirable “ genes ”? Accordingly, would 
not the close-bred seed corn from “ sire rows ” be especially valuable 
in a succeeding year, for the reason that it is strongly “ homozygote, ” 
and thus able to produce hybrid seed when crossed in a following 
generation ? 

Some of the considerations just set down may reinforce the idea 
that the usual prejudice against inbreeding and close breeding in 
corn and gregarious animals is founded on the apparent ill effect of 
such breeding upon immediate progeny, even tho such breeding in 
the long run may be beneficial to the race, by forcing undesirable 
“genes” to be eliminated. 


BOOK REVIEW. 

Breeding Crop Plants. By H. K. Hayes and R. J. Garber . 
McGraw-Htil Book Co., New York , 1921, pp. 328 . — This book is 
one of the “Agricultural and Biological Publications” edited by 
Charles V. Piper. It will be of unusual interest and great value to 
agronomists, plant breeders, plant pathologists, and all students of 
economic botany, especially those directly interested in crop improve- 
ment. There have been available several text and reference books 
on genetics and plant breeding published in English, but heretofore 
Fruwirth’s “ Die Zuchtung der Landwirtschaftlichen Kulturpflanzen ” 
has been the only available reference work on the breeding of crop 
plants. 

The style in which the book is written is clear and pleasing, and 
because of the well-chosen and logically arranged subject matter the 
book will undoubtedly prove a most welcome and useful text for 
courses in crop breeding or crop improvement. Particularly is this 
true since the work here reviewed is the first American or English 
book on the subject. A few typographical and other minor errors 
have crept in, but for the most part the physical make-up and pres- 
entation of the subject matter of the book are excellent. 

The purpose of the book, as stated by the authors, is to outline 
methods of breeding in relation to the underlying principles involved 
and to present what are coming to be recognized as proper field 
methods of carrying on these studies, as well as to summarize the 
known facts regarding the mode of inheritance of many of the im- 
portant characters of crop plants. 

The book contains 66 text figures, 75 tables, a glossary, and a 
rather extensive bibliography. The subject matter is divided into 
19. chapters. 
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In the Introduction attention is directed to the work of the early 
plant breeders, to the relation of certain biological principles to plant 
breeding, and to the value of crop improvement in relation to a more 
efficient agriculture. The chapter on Plant Genetics reviews genetic 
principles in some detail, tho the authors state that a previous knowl- 
edge of the principles of genetics is a necessity if the student of crop 
breeding is to pursue his work in the most logical manner. In the 
next chapter the important crop plants are grouped according to their 
pollination habits, and an explanation of hybrid vigor is given. 
Under the heading, Field Plot Technic, the authors discuss the use 
of checks and replicated plots, the value of probable error in the 
interpretation of experimental results, and the effect of competition. 
The size and shape of plots, border effect, and climatic variations are 
also considered. 

The chapter on Inheritance in Wheat includes an account of the 
behavior in heredity of the characters of the plant such as disease 
resistance, winter hardiness, stiffness of straw, and earliness. The 
inheritance of spike characters such as compactness, chaff color, pres- 
ence or absence of beards, and seed characters, including color and 
texture, are given detailed consideration. 

In succeeding chapters similar but somewhat less extensive discus- 
sions are presented of inheritance in oats, barley, rye, buckwheat, 
and rice. 

In discussing Methods of Breeding Small Grains, the authors de- 
scribe the system of record-keeping in use at the Minnesota Agricul- 
tural Experiment Station. The use of the methods of selection and 
of crossing in small grain breeding is also discussed. A brief ac- 
count of the technic of harvesting and thrashing is added. 

In the chapter on Selection with Self-fertilized Crops an historical 
account of the early work in pure line or pedigree selection is given, 
followed by examples of some of the more recent economic results of 
selection in wheat, oats, and other crops. Some of the results of 
crossing as a means of improving self -fertilized crops are presented. 

The chapter on Maize Breeding describes the origin and species of 
maize. This is followed by a detailed account of the inheritance of 
characters, including endosperm characters and a discussion of xenia, 
plant characters, seed and ear characters, size characters, and chemi- 
cal composition. In the section on corn improvement the following 
subjects are discussed in the light of recent experimental work: Rela- 
tion of ear characters to yield ; ear-to-row breeding ; relation between 
heterozygosis and vigor; immediate effect of crossing on size of 
seeds ; F t varietal crosses ; and isolation of homozygous strains. 

The chapter on Grasses, Clovers, and Alfalfa is rather brief, par- 
ticularly that part of it dealing with alfalfa. 

The material on Potato Improvement includes an account of the 
origin of the potato and description of the species, the inheritance of 
characters, the production of new forms, difficulties of obtaining 
crossed seed, improvement thru seedling production, and clonal selec- 
tion. 
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Information on the Breeding of Vegetables is presented in a chap- 
ter which includes the results of breeding experiments with the fol- 
lowing close- fertilized crops: peas, beans, tomatoes, and peppers. 
The vegetables which are cross-fertilized include the radish, beet, 
asparagus, and members of the mustard and cucurbit families. Less 
than a page is devoted to the material on the breeding of beets, in- 
cluding the sugar beet. The very interesting historical material on 
sugar-beet improvement in Europe is only briefly mentioned, and 
nothing is said of the rather extensive biometrical studies of Pritchard 
and Harris in this country. 

The chapter on Fruit Breeding is complete enough to meet the 
needs of the general student of crop improvement, but is not intended 
to satisfy the requirements of those especially interested in' the breed- 
ing of horticultural plants. 

The concluding chapter deals with the Farmers’ Methods of Pro- 
ducing Pure Seeds. The importance of the determination of better 
varieties adapted to the locality where grown is emphasized. Good 
seed, methods of seed production and distribution, seed certification, 
and practical methods of corn improvement are described. — J. H. P. 


AGRONOMIC AFFAIRS. 

CHANGE OF THE EDITORSHIP OF THE JOURNAL. 

With the completion of Volume 13, C. W. Warburton retires from 
the editorship after a period of seven years of unselfish and untiring 
service in this capacity, during the first four of which he also served 
as the Secretary of the Society. During his editorship the Journal 
has steadily grown in both the quality and the quantity of published 
material, until finally the restrictions imposed by the financial re- 
sources of the Society became the only limiting factor in the volume 
of material which could be published. 

Mr. Warburton has turned over to the present editor nearly fifty 
MSS. of articles which were available for publication on January 1, 
1922. A few of these have since been withdrawn by their authors, 
in the hope of securing earlier publication elsewhere. In the case of 
some others, some abridgment has been suggested by the Board of 
Editors, in order to make it possible to publish as many of these 
articles at as early a date as possible. The Executive Committee, as 
authorized at the New Orleans meeting, is now considering the feasi- 
bility of including advertising in the Journal, as a possible means of 
increasing the funds available for printing. If this is done, it is 
hoped that the Journal may be regularly issued twelve times each 
year, in such numbers of pages as will permit the prompt publication 
of papers received. 
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The present editor pledges his best endeavors to promote prompt 
and adequate publication of all matters which are appropriate to the 
pages of the Journal, and urges the hearty cooperation of the officers 
and members of the Society to this end. 

NOTES AND NEWS. 

Professor C. A. Michels, formerly of the North Dakota Agricul- 
tural College, is now in charge of the teaching in Field Crops in the 
Department of Agronomy at the Massachusetts Agricultural College. 
J. B. Abbott is Extension Specialist in Soils and Crops, and M. O. 
Lanphear has been added to the same Department as resident in- 
structor. 

Dr. Wm. Frear, Vice-Director and Chemist at the Pennsylvania 
Agricultural Experiment Station since 1887, died suddenly of heart 
failure, at his home in State College, Pa., during the night of Friday, 
January 7, 1922. Dr. Frear was widely known for his research work 
in agricultural chemistry and in connection with the development of 
food definitions and standards. 


CORRECTION IN THE DECEMBER ISSUE. 

The graph presented as Fig. 19, on page 346 of the December 
(1921) issue of the Journal was accidentally printed upside down. 
In order that the matter should be properly shown, the diagram 
should be rotated thru an angle of 180 0 . 
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SOME OBSERVATIONS ON THE BEHAVIOR OF 
BEARDED AND SMOOTH WHEATS 1 

By A. E. Grantham . 2 

In our work at the Delaware Station during the past twelve years 
considerable attention has been given to the testing of varieties of 
wheat. An effort was made to analyze more carefully some of the 
causes for the difference in yield of the varieties, particularly with 
reference to bearded and smooth wheats. As an outcome of this 
work it was found that the bearded wheats tiller somewhat more 
freely than the smooth, as was reported in Bulletin No. 117 of the 
Delaware Station. Following up this same work it was shown in 
Bulletin No. 121 entitled, “Wheat Investigations — Varieties,” that 
the bearded wheats in previous tests averaged 3.3 bushels more than 
the smooth. 

In studying varieties of wheat, it has been the custom to grow 
them on fertilized and on unfertilized land the same season. Even on 
the fertility plats where different carriers of plant food were applied, 
two varieties were grown on each plat, so that careful attention could 
be given to the variation which might occur between these two types. 
Our special investigations on wheat have given us the opportunity 
not only to compare the tillering habit and yield of wheat, but also 
to note the difference in quality. As a measure of the difference in 
quality, we have adapted the method of weight; that is, the relative 
quality of two varieties as indicated by the number of kernels 
required to weigh 10 grams. These were always taken from the 
ungraded grain. 

1 Read at the Chicago meeting, November 1 1, 1919. Received for publica- 
tion, May 14, 1921. 

* Formerly agronomist, Delaware Agricultural Experiment Station, 
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The results given in this paper have been secured in various ways 

Table i . — Effect of fertilizers on the size of kernel in bearded and in smooth 
wheat. 1912 and 1916 . 

Number kernels 




in 10 grams. 


Percent 


Number varieties. 


Difference 

shrink- 



No 


age 



Fertilized, fertilizer. 



Smooth - 

~34 

1912 

' 330 422 

92 

21.7 

Bearded 

— 26 

3io 343 

33 

9.6 



1916 



Smooth - 

-33 

265 292 

27 

9.2 

Bearded 

— 47 

263 272 

9 

33 


during the past 6 or 8 years. Table 1 shows the size of kernel on 
fertilized and unfertilized land, as the average of 60 varieties of 
wheat, 34 smooth and 26 bearded, for tfle year 1912. It will be 
noted that the average of the 34 smooth varieties was 330 where 
fertilizers were used. Where the land was untreated 422 kernels 
were required to weigh 10 grams, or a difference of 92 kernels addi- 
tional to make the given weight where no fertilizers were used. In 
the same test the 26 bearded wheats gave 310 kernels per 10 grams 
on the fertilized land and 343 on the unfertilized, or a difference of 
33 kernels more required for the given weight. It will be noted that 
about 3 times as many kernels were required to make up the differ- 
ence due to lack of fertilizer in the case of the smooth. The same 
table shows the result of 80 varieties of wheat grown in 1916. Thirty- 
three of these varieties were smooth, which averaged 265 kernels per 
10 grams under fertilizer, and 292, where no fertilizer was used. The 
4 7. bearded varieties in the same test macjc an average of 263 kernels 
per 10 grams on the fertilized land and 272 for the untreated. In 
this case there were 3 times as many kernels required to make up the 
deficiency in the case of the smooth wheat as there were of the 
bearded. 

Table 2 gives the average number of kernels in 10 grams for five 
varieties of bearded wheat and five varieties of smooth grown with 
and without fertilizer, during the years 19 11 and 1912. In the case 
of the fertilized wheats the average is the result of 6 fertilized plats 
each season, and the untreated the average of four plats. The dif- 
ference in number of kernels between the treated and untreated land 
in the bearded wheat was 41. In the case of 5 smooth wheats the 
difference was 72. Thus showing that the smooth wheats were more 
seriously affected by lack of fertilizer than the bearded. 
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Table 2. — The variation in the size of kernel as affected by fertilizers in ten 
varieties of wheat, iqii and 1912 . 




m 


1 


Kernels in 
10 grams. 


Varieties. 

No 

fertilizer. 

Fertilizer, 

Difference. 

rciccub 

shrink- 

age. 

Farmers' Friend 

320 

271 

49 

15 

Gypsy 

422 

382 

40 

9 

Lehigh 

339 

299 

40 

12 

Turkey Red 

437 

405 

32 

7 

Velvet Chaff 

425 

378 

47 

11 

Average 

388 

347 

4i 

10 

Dawson’s Golden Chaff 

482 

384 

98 

20 

Early Ripe 

Ful t zo - M ed i 1 er ran ca n 

393 

312 

82 

20 

402 

37i 

3i 

7 

Gold Coin 

478 

379 

99 

20 

Mealy 

502 

449 

53 

10 

Average 

451 

379 

72 

15 


Tabic 3 gives the results secured from planting two varieties of 
wheat, one bearded and the other smooth, on fertilized and unfertil- 
ized land, seeded at intervals of one week from September 17 to 
October 29. The smooth variety was the Red Wave, and the 
bearded, the Miracle. The fertilizers have a decided effect upon 
the quality of the grain and it will be noted that the quality of the 
smooth wheat deteriorated more rapidly with the later dates of 

Table 3. — The effect of time of seeding and fertilizers on bearded and smooth 

wheats. 

Number of kernels in 10 grams. 
Fertilizer. No fertilizer. 


Date of seeding. Bearded. Smooth. Bearded. Smooth. 

September 17 234 340 354 442 

September 24 236 362 405 483 

October 1 247 351 380 514 

October 8 245 338 427 515 

October 15 269 323 484 466 

October 22 315 425 464 637 

October 29 317 420 552 604 


seeding than did the bearded, particularly where no fertilizer was 
used. The uniformity of the size of kernel of the bearded variety 
where fertilizer was used is significant. This is in strict accord with 
other findings in our work that the bearded wheats seem to have the 
capacity for utilizing the plant food to better advantage, particularly 
where this material is not so rapidly available. This is shown by 
the more uniform quality of the bearded wheat under different dates 
of seeding where no fertilizer was used. 
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The question may naturally arise as to the average size of kernel 
of the varieties under question. Under normal conditions there is 
very little difference in the size of kernel between the two. For 
example, graded grain of either variety will run about the same num- 
ber of kernels per given weight. 

In studying this table it is well to note the extreme variation which 
occurs in the bearded and in the smooth variety under the different 
dates of seeding. This gives some idea of the spread in quality. 
For example, the smooth wheat without fertilizer ranged from 442 
to 637 kernels in 10 grams. The bearded ranged from 354 to 352. 
It should be borne in mind, however, that the quality of the smooth 
wheat was much lower even at best than that of the bearded. Where 
the two were fertilized the smooth shows a variation of 323 to 425, a 
range of 102, while the bearded wheat under fertilizer shows a range 
of 234 to 317, a range of 83 kernels, altho the heaviest kernels of the 
bearded numbered 234 in 10 grams, as compared with 323 for the 
smooth under the same conditions. 

The preceding tables indicate that fertilizers play an important 
part with reference to the quality of the grain, and that the bearded 
wheats seem to respond to it more rapidly than do the smooth. 

Table 4 . — Effect of fertilizers on the size of kernel in wheat. 1919. 

Number kernels 

in 10 grams. Difference. Percent. 


Treatment. Bearded. Smooth. Bearded. Smooth. Bearded. Smooth. 


Nitrogen 343 

Phosphoric acid 344 

Potash 340 

Nitrogen and phosphoric 

acid 337 

Phosphoric acid and pot- 
ash 245 

Nitrogen and potash 287 

Nitrogen, phosphoric acid 

and potash 226 

Nothing 347 


684 

117 

416 

51 

150 

496 

118 

228 

51 

81 

3«o 

114 

1 12 

47 

40 

552 

hi 

284 

47 

102 

268 

IQ 


7 


400 

■ y 

6l 

132 

26 

17 

283 


15 


5 





514 

* 121 

248 

51 

92 


Table 4 gives the size of kernel for a bearded wheat, Rudy, and a 
smooth wheat, Leaps Prolific, for the year 1919, with both varieties 
grown under the various treatments indicated. From this table it 
will be noted that the best quality of the bearded wheat was 226 
under complete fertilizer. The poorest quality was 347 on the 
check plat. In the case of the smooth wheat the best quality was on 
the plat receiving phosphoric acid and potash, 268 kernels as com- 
pared with 684 where nitrogen alone was used„ It will be noted 
that wherever nitrogen was used (unless supplemented by phosphoric 
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acid and potash) the kernels, especially in the case of the smooth 
wheat, were lessened in quality. This is in accordance with the 
facts commonly noted, that an excess of nitrates will often cause 
wheat to shrivel badly. The significant factor of this experiment is 
that the spread in quality of the bearded wheat was far less than 
that in the case of the smooth. The column headed “ difference ” 
represents the difference between the highest quality wheat of both 
bearded and smooth as compared with that of the other treatments. 
Thus ii 7 under nitrogen, represents the difference between 226 and 
343 - 


Table 5. — Size of kernel from bearded and smooth wheats taken on Delaware 

farms, iyiy. 


Bearded . 


250 

284 

292 

308 


330 

260 

356 


268 
2 86 
2 66 


2 54 - 

298. 

256. 

272. 

240. 

312. 

232. 

250. 

400. 

290. 

298. 


Number of kernels in 10 grams 


Smooth. 


574 

512 

440 

368 

408 

380 

432 

34 b 

482 

358 

300 

392 


324 

39 <> 

408 


412 

384 

436 

54 <> 


404 

35 « 


Average 285 


412 


Table 5. Soon after harvest during the past summer (1919) there 
was a wide comment that the wheat was not well filled, altho 
the production of straw was greater than usual. The writer had 
the opportunity of visiting a large number of fields in various parts 
of the State from which he took Samples, wherever possible, of 
bearded and of smooth wheats grown under the same conditions of 
tillage and fertilization. Table 5 shows the number of kernels per 
10 grams of these samples of bearded and smooth wheats taken on 
the same farm, and sometimes from the same sheaf. The lower 
part of the table shows more or less miscellaneous samples, for 
example, where a bearded or smooth wheat was taken from adjacent 
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farms or in the same neighborhood. In only a few cases were the 
smooth wheats of as good quality as those of the bearded. In these 
few cases it appeared that the proper balance of plant food had been 
applied, which accounted for the better quality of the smooth 
kernels. Wherever an excess of nitrogen is applied it seems to affect 
the smooth wheats more adversely than the bearded. 


SOME METHODS OF RECORDING DATA IN TIMOTHY 

BREEDING . 1 

Morgan W. Evans 2 


Certain methods of obtaining records, which have been used during 
the past few years in connection with timothy breeding experiments, 
are described in this paper to illustrate the advantage of substituting 
quantitative data for those which are merely the results of general 
observations. For several years past the writer has been engaged in 
timothy breeding investigations, at the Timothy Breeding Station 
which is conducted cooperatively by the United States Department 
of Agriculture and the Ohio Agricultural Experiment Station, at 
Elyria, Ohio. The breeding of timothy is a phase of experimental 
agronomy which is of very recent development. Many of the 
methods which are used in timothy breeding, consequently, have to 
be originated as the work progresses. 

Method of Comparing Different Varieties of Timothy. 

One of the important phases of work in the breeding of timothy, 
as well as of any other crop, is the comparison of different selections 
or varieties with one another. In the comparison of different 
varieties of timothy, one of the things to be determined is the relative 
yields of hay which they will produce. As the result of a number 
of studies by different investigators, working with various field crops 
during the past ten or fifteen years, quite reliable methods have 
already been developed for growing the varieties in experimental 
test plats, and for obtaining records of the hay yields in these plats. 
But such matters as the time of blooming, maturity, number of 
green leaves on plants, and length of stems, however, are likely to be 
recorded differently by different observers, unless definite methods 
are adopted. 

1 Contribution from the Bureau of Plant Industry, U. S. Department ot Agri- 
culture, Washington, D. C, Received for Publication, December 30, 1920. 

2 Assistant Agronomist, Bureau of Plant Industry. 
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Time When Timothy Plants are in Bloom and Mature. 

The earliness or the lateness of the plants of different varieties is 
an important characteristic to be studied when they are compared. 
Until the method described in the following paragraphs was adopted 
there was no way by which the degree of earliness or lateness of 
different varieties of timothy could be accurately measured. 

The earliness or lateness of a variety of timothy is indicated 
quite largely by the time when the plants are in bloom and mature. 
In order to get definite records of the time when the plants are in 
these stages of development it is necessary to have definitions of 
the conditions of the plants when they are in bloom or mature. 
The term plant as related to timothy, is applied to all the shoots 
which have grown from a single seed, or from the detached vegetative 
part of another plant. Before the various stages of bloom can be 
defined for the plant, it is necessary to have a definition of a head in 
full bloom. The following one has been used: 

A timothy head is in full bloom when flowers are in bloom throughout 
two-thirds or more of its entire length . 

When a timothy head is passing out of the stage of full bloom, 
the boundary between the part of the head where the flowers are in 
bloom, and where they are not. in bloom is usually not as well defined 
as on heads which are just coming into full bloom. The head can 
be considered in full bloom, however, when flowers in bloom are dis- 
tributed over two-thirds or more of its total length, whether the area 
over which the flowers are blooming is, or is not, continuous. 

The time during which a timothy plant is in bloom has been divided 
into four periods as follows: 

Early Bloom. A timothy plant is in early bloom from the time that 
the first flowers have bloomed until it is in full bloom . 

Full Bloom. A timothy plant is in full bloom from the time that 25 
per cent of all heads are in full bloom , and 25 per cent or more additional 
heads have begun to bloom , until 25 per cent of all heads are past 
full bloom and 25 per cent or more additional heads are past bloom 
through some portion of their length. 

Late Bloom. .4 timothy plant is in late bloom from the time that 
it has passed full bloom until it is in very late bloom. 

Very Late Bloom. A timothy plant is in very late bloom when all 
of the main crop of heads are entirely past bloom , and only a few small 
late heads , usually on short culms , remain in bloom. 

The condition of a timothy plant when mature is explained in 
the following definition : 

A timothy plant is mature when all of the glumes have become straw 
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colored on 25 per cent of the heads , and more than half of the glumes 
have become straw colored on 50 per cent or more additional heads. 

The records of blooming and maturing have usually been obtained 
from plants growing at a distance of 2.5 feet apart, in rows which 
are 3.3 feet apart. When the plants are in bloom, the records can 
can best be obtained early in the morning, as it is more difficult to 
obtain accurate records after the filaments of the anthers have 
become wilted by the sun and wind. When the plants are maturing, 
the records can be obtained at arty time of the day. While records 
are made of each plant when it is in early, full, and late bloom, on 
each day when the plants are in bloom, the records of the time of 
full bloom only have been used when the data have been compiled. 
From the total number of plants in each plat, and from the number 
of plants in these plats which are in full bloom or mature on different 
dates, the percentage of plants in full bloom or mature on each date 
can be readily calculated. To illustrate the use of these definitions, 
our records show that in 1917 in a plat of timothy. No. 6 162, 3 half 
of the plants were in full bloom 3 days earlier and matured 4 days 
earlier than were an equal proportion of the plants in a plat of ordinary 
timothy with which it was compared. In another plat, of selection 
No. 6779, half of the plants remained in full bloom 5 days later, 
and matured 6 days later than the ordinary timothy. 

When there is any doubt whether a plant should be recorded in 
early bloom or in full bloom, it has been the practice to classify it 
in early bloom. Likewise, if there is some uncertainty as to whether 
a plant is in full bloom or in late bloom, it is classified with the 
plants in full bloom. In other words, no change is made in the daily 
records of a plant, from the stage of bloom in which it has been 
during the days immediately preceding, if there is any doubt whether 
the change should be made. 

In each season, there are usually one or more days during the 
blooming period, when, because of unfavorable weather conditions, 
timothy flowers do not bloom. On such days it has been the practice 
to make no record at all of the condition of the plants. 

Experience has demonstrated that the relative difference in the 
time of blooming, and of maturing, of any two varieties of timothy, 
one of which may be early and the other late, is approximately the 
same. In comparative studies of different varieties, therefore, 
records of the time when the plants are in bloom may be sufficient ; 

3 The numbers used here belong to a series of numbers which have been assigned 
by the Office of Forage-Crop Investigations to different selections of timothy and 
ot her crops. 
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the records of the time when the plants mature can often be omitted, 
with no serious loss of data. 

Through this system of recording notes it has been possible to 
present definite information in regard to how early or how late the 
timothy plants in plats of selections Nos. 6162 and 6779 bloomed 
and matured. By the same method it would be possible to obtain 
exact comparisons of these selections with other selections; or to 
determine accurately whether the relative times of blooming and 
maturing of plants of selections Nos. 6162 and 6779 are the same in 
any other season as they were in 1917. Without this system about 
all that it would have been possible to state, in regard to the earli- 
ness and lateness of the selections, would be that one bloomed and 
matured somewhat earlier and the other somewhat later than ordi- 
nary timothy. 

One test of the value of any scientific method is its accuracy when 
employed by different persons working under various conditions. 
Obviously, it would not always be possible to determine whether a 
timothy plant should be considered in e^rlv bloom, or in full bloom, 
with the same exactness that a quantitative determination can be 
made in a chemical laboratory. Nevertheless, it has been found 
that the percentages of plants in early, full, or late bloom can be 
determined very closely. It is only a small proportion of the plants 
which an experienced observer has any difficulty in classifying. If 
a timothy plant is so nearly on the border line between the stage of 
early bloom and full bloom on any particular date, that two observers 
might classify it differently, usually by the next day when the flowers 
are in bloom, the numbers of flowers in bloom will have increased 
to such an extent that there will be no doubt about the plant being 
in full bloom. 

In 1919 two observers, working independently, made records of 
the number of plants in full bloom in the same row plat of timothy. 

Table i. — Percentage of timothy plants in full hloom y on different dates in 1919 in 
a row plat of 20 plants propagated vegetatively from the original plant of 
No, 9400. Results obtained by two observers working independently. 

Percentage of plants in full 
Date, bloom as determined 

by observer. 

A. B . ' 

90 95 

9» 95 

95 95 

25 30 

10 5 

5 5 


July 1 

2 

3 
8 . 

10 

it. 
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These records are presented in Table I. This table shows that while 
there was a slight difference in the results, the general character 
of the curves that could be plotted from these data would be essen- 
tially alike. Results obtained by other observers in igiy and 19x8, 
indicate that the records obtained from the same plats by two 
experienced observers may be even more nearly identical than those 
presented in Table I. 

The Relative Numhkr of Green Leaves on Plants of Different Varieties. 

Records which show how much earlier or later the flowers bloom 
and seeds mature, on plants of one variety of timothy than on the 
plants of another, do not usually tell the complete story of the rela- 
tive earliness or lateness of the two varieties. It has been observed 
during the early summer months that, on any particular date, a 
larger proportion of the leaves are green on the plants of some selec- 
tions than on others. In order to get accurate information in regard 
to this characteristic, a method has been developed for determining 
the number of leaves with blades which are either entirely or partially 
green, per unit of area, in broadcast plats or meadows of different 
varieties. 

All stems were collected daily from June 25 to August 5, 1919* 
from two typical areas each 6 by 36 inches, in duplicate broadcast 
plats of ordinary timothy and of timothy No. 3937. Four sets of 
stem of plants of each variety were therefore examined each day. 
The samples were taken to the building on the Timothy Breeding 
Station and each was separated into two groups of stems — those 
with heads, and those on which no heads had developed. A record 
was then made of the number of stems of each type, and of the number 
of leaves with blades either entirely or partially green on each stem. 
It has been the practice to consider a leaf blade partially green as 
long as the tissue remains green across the entire width of the blade 
at its base, or as long as there is green tissue partially across the 
blade extending for one inch or more above the base of the blade. 
From these records, the average number of entirely and partially 
green blades per stem on each date was calculated*. Then, in each 
of the duplicate plats of the two varieties, three typical square- 
yard areas were selected and a count was made of the number of 
stems with and without heads in each area. From the data obtained 
the total number of leaves with Entirely or partially green blades 
per square yard, on each date, in plats of both varieties, was cal- 
culated in the following manner : The average number of stems 
with heads per square yard was multiplied by the average number 
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of leaves with entirely or partially green blades on stems with heads 
on any particular date; the average number of stems without heads 
per square yard was multiplied by the number of entirely or partially 
green leaf blades on these stems on that date; the total number of 
entirely and partially green leaves per square yard was obtained by 
adding the two products. The records obtained in 1919 are presented 
graphically in Figure 1 . 



Fig. 1 — Graph showing number of leaves with green or partially green blades, in 
typical square-yard areas in plats of ordinary timothy and of No. 3937, on 
different dates in 1919. 

These records not only show that there may be more green leaves 
in a plat of one variety than of another, but also just how many 
more green leaves there are per unit of area in the plat of one variety 
than of the other. Considerably more time is required to obtain 
these records than those showing the degree of blooming and maturity. 
The time required for determining the relative numbers of green 
leaves in plats of different kinds of timothy could probably be reduced, 
and at the same time the efficiency of the method might be main- 
tained or increased, if samples were collected at 5-day intervals 
instead of daily, and if somewhat more than two samples per plat 
were collected on each date. If from three to five samples had been 
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collected on each date in 1919, the curves in Figure x would probably 
show less irregular variations from day to day. If the number of 
samples were increased, it is possible that the size of the area from 
which they are collected could be made somewhat smaller than 6 
by 36 inches, and thus the time required to obtain the records would 
be further reduced. 

Length of the Stems of Plants of Different Varieties of Timothy. 

One of the conspicuous differences between some of the selections 
and varieties of timothy which have been studied, is that the stems 
of the plants of some are longer than those of others. 

Timothy plants growing in cultivated rows produce a large number 
of stems. In order to determine their exact average length, it would 
be necessary to measure the length of all the stems in each row. 
This work would require so much time that the method would 
probably not always be a practicable one. It has been observed 
that in cultivated rows most of the stems of any one timothy plant 
usually grow to approximately the same height. Therefore, if the 
longest stem of each plant in a row is measured, from the surface of 
the soil to the tip of the head, the average length of these longest 
stems will quite nearly represent the average length of the stems of 
all plants in the row. 

Records of the lengths of the longest stems of the plants in two 
row plats of timothy Nos. 6824 and 6839, and in one row plat of 
ordinary timothy, were obtained in 1917. These plats were located 
near one another, on uniform soil, and the plants had been grown 
under the same cultural conditions. This information is presented 
in Table II, which shows that the average length of the stems in 
the plat of ordinary timothy was slightly greater than in the plat 
of No. 6824, and was considerably less than in the plat of No. 6839. 

Table 2. — Average length of the longest stem of plants in row plats of timothy. 

Inches. 


Ordinary timothy 43.5 

Timothy No. 6824 42.9 

Timothy No. 6839 . . . . . . 5 1\ 8 


If these or other similar records are represented by graphs, they 
may show that the lengths of the stems of some selections are more 
uniform than the lengths of the stems of others. By calculating the 
average deviation from the mean length of the longest stems of the 
plants in each one of the plats, it would be possbile to express in 
quantitative terms the degree of uniformity of the lengths of the 
longest stems of plants of the different selections. 
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SUMMARY. 

In timothy breeding, which is a comparatively new phase of 
experimental agronomy, standard methods have yet to be worked 
out and adopted. Several methods which have recently been devel- 
oped for making comparative quantitative studies of different selec- 
tions or varieties of timothy are described in this paper. 

Through the use of certain definitions which describe timothy 
plants in different stages of bloom and maturity, it has been possible 
to obtain accurate records of the time when the plants of different 
selections or varieties of timothy are in bloom and mature. 

A system of counting the number of leaves with partially or 
entirely green blades has been developed, by which the relative 
numbers of green leaves, per unit of area, on different dates in broad- 
cast plats of different kinds of timothy, can be accurately determined. 

By measuring the longest stem of each plant growing in cultivated 
row plats of different selections or varieties of timothy, it is possible 
to obtain data which show not only the relative lengths of the stems 
of the plants in the different plats, but which also show the relative 
degree of uniformity in the lengths of the stems of plants in the plats 
in which measurements are made. 

SUNFLOWER STUDIES 1 

P. V. Cardon . 2 

I — VARIATION IN THE “ MAMMOTH RUSSIAN * f VARIETY. 

The results of cultural experiments with sunflowers, as conducted 
since 1915 by the Montana Experiment Station, show the “ Mam- 
moth Russian ” to be better as regards acre-yield of silage than any 
other variety tested. However, it is plain to all observers that there 
is little uniformity in the type of plants produced from the commer- 
cial seed of this variety and the possibility of developing superior 
strains must have appealed to everyone who is interested in selection 
for the improvement of the sunflower crop. 

In Montana, a particularly urgent need for improvement in the 
sunflower crop arises as the result of varied conditions of soil and 
climate. In the high plateau regions of the western part of the state, 
where sunflowers seem to be especially well adapted, no seed can be 
matured because of the short growing season. This condition makes 
necessary the importation of seed from other regions. Good sun- 

1 Contribution from Agronomy Department, Montana Agricultural Experiment 
Station, Bozeman, Mont. Received for publication, April 17, 1921. 

2 Agronomist. 
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flower seed can be produced under irrigation in the lower altitudes of 
eastern Montana, and it may be possible to establish in that region 
seed supplies to meet the requirements of western Montana farmers. 
The problem, however, is to get a strain to satisfy both the seed 
grower of the east and the silage grower of the west. 

The difficulty encountered in harvesting sunflowers which are so 
tall as they grow under irrigation in Montana, affords another prac- 
tical reason for undertaking improvement work with sunflowers. A 
high producing strain possessing a relatively low habit of growth, 
which would facilitate the harvest of the crop by permitting free 
use of the com binder, would be especially desirable. 

It was in recognition of the foregoing requirements that the 
Agronomy Department of the Montana Experiment Station began 
its selection work with sunflowers in the spring of 1920. Although 
the results of only one season are available, they are suggestive of 
the possibilities with this crop. 

For the reasons already given, the “ Mammoth Russian ” variety 
was used in this preliminary work. Identical plantings were made 
under irrigation at Bozeman, and on dry land at Huntley, Moccasin 
and Havre, each point being representative of a different combina- 
tion of soil and climatic conditions. In each planting, there were 
144 hills (checked) 3 feet apart, making a plot 39 feet square. Only 
the 100 plants inside the square were studied, the 12 outside plants 
on each side of the square being treated as controls. Since the 100 
plants were equi-distant and all under practically the same environ- 
mental influences, it was assumed that their habits of growth were 
entirely the result of inherent tendencies. Seed from the same 
commercial lot was used at all four points, and enough seed sown in 
each hill to insure the presence of at least one plant. Later, only 
one plant was left to develop in each hill. 

The plantings at Moccasin and Havre were seriously injured by 
drouth, but at Huntley and at Bozeman it was possible to make 
some interesting comparisons, as shown by the photographs pre- 
sented herewith. 3 See Plates I, II and III. 

At Huntley, on September 7, when most of the plants were in full 
bloom, 10 different types were distinguished. Later, it was found 
that two of these (No. 3 and No. 4) each comprised at least two 
sub-types, distinguishable on the basis of either seed color or earliness. 

Following is a brief description of each type, with the percentage 
of plants it included, and a note as to maturity . 4 

3 All of the photographs accompanying this article were taken by J. B. Nelson, 
Field Superintendent, Agronomy Department, Montana Experiment Station, 

4 The writer is indebted to A. E. Seamans, Assistant in Dry Land Agriculture, 
Huntley Experiment Farm, for his helpful interest in these studies. 
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Type No. I — Wild in appearance; branched, bearing heads on both primary 
(6 per cent) and secondary branches; low growing and somewhat spreading; 

leaves mostly small, except on main stalks; stalk slender; plant 
light to yellowish; fully matured October 23; seeds generally 
small, striped to dark gray in color; (Plate I I-A.) 

Type No. 2 — Single stalk, upright, about 6 feet tall; very broad leaves with 
*(1 per cent) relatively smooth margins; head of medium size with sharp crook 
in stem near base of head, giving “ gooseneck ” appearance; dark 
green; early maturity; seeds black with few white stripes. 

Type No. 3 — Very distinct type and relatively early; closely resembles No. 2, 
(9 per cent) except leaves are a little smaller, sharply serated and apex more 
acute; about six feet tall; leaves jfppear to be almost in whirls on 
lower part of stalk; mature October 23; seed color variable (a) 
black with occasionally a white stripe and (b) seeds white with 
line black stripes; very early, but not valuable for silage. (Plate 
I-A.) 

Type No. 4 — Tall, single stalk; unbranched ; late; leaves roundly broad and 
(28 per cent) deeply serated; stalk fairly thick; color variable but mostly dark 
green; apparently two strains; (a) matured October 23, and (b) 
matured November 11. (Plate II I-A.) 

Type No. 5 — Veiy similar to No. 4, except for small axilary branches; seeds 
(10 per cent) dark; immature November 11. 

Type No. 6 — Similar to No. 5, but plant is bushier and branches longer; fully 
(8 per cent) matured October 23; seeds variable in color, light and dark in 
different heads of same plant. (Plate II-B.) 

Type No. 7 — Resembles No. 3, except that stalk is inclined to droop 
(25 per cent) in “ sickle M shape. The stem seems to taper off from about 
center toward head, giving appearance of long slender neck. 
Leaves sparse on lower part of stalk — distinct from No. 3 in 
this respect. Fully matured by October 23; seeds variable in 
both color and shape —-dark to striped, and short to long; 
early, but foliage too sparse for high yield of silage. (Plate I-B.) 
Type No. 8 — Resembles No. 4, except at top. Leaves more numerous than 
(11 per cent) on No. 4; shorter intemodes, giving “ pine top ” appearance to 
plant; only few mature seeds found on November 11; ideal for 
heavy yields, but too tall for ease in harvesting. (Plate II I-B.) 
Type No. 9 — Closely approaches No. 7, except that leaves are more numerous 
(l per cent) and much broader; plant low-growing, single stalk; stalkv, with 
approach to “ sickle ” neck; no seed matured. (Plate I-C.) 
Type No. 10 — Tall, approaching No. 4 in height and general appearance, but 
(1 per cent) has head and leaf characters of No. 3, and tapering at top of stalk 
similar to No. 7; no seed matured. (Plate III-C.) 

Eight of the types described at Huntley were easily distinguished 
among the irrigated plants at Bozeman ; but at the latter place No. 
2 and No. 5 were not represented, whereas X, an eleventh type, 
was discovered. This type is extremely tall and late; it was not 
yet in full bloom when killed by frost. 

Viable seed was secured of all the earlier types except No. 2, and 
will be used in connection with a continuation of these studies. 


n — EFFECT OF BAGGING SUNFLOWER HEADS. 

Uncertainty as to whether sunflowers are normally self-fertilized 
led the writer to bag a number of heads during the season of 1920 
and observe their behavior. The effect of bagging on fertilization was 
so pronounced as to be of special interest. 

The first effect to be noted was the disturbance of the normal 
flowering habit. Ordinarily, the flowers on the sunflower head 
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open in regular sequence from the periphery to the center of the 
head ; and those in the outer circles are often withered by age before 
those in the center are even open. When bagged, however, all of 
the flowers on each head opened at about the same time. This was 
first observed quite by accident, after a storm had torn open one 
of the bags, but it was later confirmed by close examination of many 
different bagged heads, at Huntley as well as at Bozeman. 

Another surprising result of bagging was that although the heads, 
and even the seeds, appeared to develop normally, practically all 
of the seeds were infertile. On some heads no fertile seeds could be 
found, whereas on others there were a few. In almost every instance, 
the head, in outward appearance at least, was as sound and fully 
developed as the unbagged heads, and every seed shell was of full 
size and typical color; yet there was absolutely no development of 
the kernel within the shell. In all cases the bags, containing an 
abundance of pollen, were agitated considerably by the wind — in 
a few instances by hand — but this made no apparent difference 
in the degree of fertilization which took place. 

In this connection another interesting observation was made in 
the case of a plant bearing several heads, one of which was bagged. 
Every unbagged head matured normally developed seeds, whereas 
all the seeds of the bagged head were infertile. It is significant to 
note that at one time, on a single unbagged head, as many as ten 
insects, mostly bees, were counted. 

These observations which afford convincing evidence of self- 
sterility in sunflowers are suggestive of the difficulties to be encoun- 
tered in attempting to secure improved strains of this crop. That 
something more than the mere selection of heads will be necessary, 
is made plain by the fact that in 1920 head-rows planted from heads 
selected in 1919 displayed varying degrees of uniformity. In one 
head-row there was quite as much variation in type as was found in 
the plantings discussed in the first part of this article. 



HERITABLE VARIATIONS IN MAIZE . 1 

C. B. Hutchison 2 

During the last ten or twelve years genetic researches have iden- 
tified and determined the mode of inheritance of more than ninety 
distinct and heritable characters in maize. At the present time 
more than sixty hereditary factors in this plant are known and their 
genetic inter-relations fairly well understood. These factors are 
concerned with the development of characters which find expression 
in various parts of the plant and at different, stages in its ontogeny. 
Thus sixteen are concerned primarily in the development of the seed, 
of which nine affect aleurone color, five endosperm texture, and two 
endosperm color. Seventeen are concerned primarily with chloro- 
phyll development. Of these, four are responsible for characters 
that are visible in the seedling stage only, nine for those that show 
only in fairly advanced stages of maturity, while four others may be 
identified in both seedling and mature stages. Two others, in con- 
nection with various combinations of two of the aleurone factors, 
are responsible for no less than thirteen types of plant as respects 
mature plant colors. Another is concerned with silk color and still 
another forms a series of allelomorphs for pericarp and cob color. 
Ten are concerned with height, seven with various morphological 
characters affecting the leaves, ten with various ear characters, 
and eight with tassel characters . 3 

Most, if not all, of these variations in maize have been found 
apparently by chance, at least no systematic search had been made 
for them. Many of them have been found in the classes for freaks 
at various corn shows, some have been found by chance in fields, 
others have appeared in cultures of different investigators, while 
still others have been found in seed obtained from Indian reserva- 
tions in the United States or imported for various purposes from 
foreign countries. 

Idle fact that so large a number of variations in maize had been 
found apparently with little effort led the writer to think that such 

1 Paper No, 89, Department, of Plant Breeding, Cornell University, Ithaca, 
New York. Received for publication, March 11, 1921. 

2 Professor of Plant Breeding. 

3 Some of these heritable characters in maize have been described recently in 
the Journal of Heredity. Descriptions of others are to appear in the same journal 
in the near future. 
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variations were perhaps much more common than is generally sup- 
posed and that a careful search for them even among the old and 
well established varieties would be rewarded. Accordingly in the 
spring of 1920 small samples of seeds of maize were collected from 
several seed companies and from a number of the northern experiment 
stations. No attempt was made to include all of the varieties grown 
in the northern states nor all varieties listed by the different seed 
companies from whom samples were obtained. Only those which 
gave promise of maturing in the latitude of Ithaca were sought. 
In some cases several samples of the same variety, particularly in 
sweet and pop corns, were obtained from different sources. In all 
approximately 650 different samples were collected. 

Since the maize plant is ordinarily cross pollinated anv commercial 
variety even after years of more or less careful selection consists of 
a hybrid and mechanical mixture of different strains. Recessive 
variations, though too weak to survive when homozygous, never- 
theless may be carried along in a heterozygous condition and appear 
occasionally in an ordinary field of com. When a plant which is 
heterozygous for such a character is selfed the variation appears 
in the immediate progeny in numbers approximating twenty-five 
percent if the character depends upon a single hereditary gene. 
It was, therefore, expected that by selling a number of plants from 
each of the different lots of seed collected some of the ears produced 
would show such heritable variations as were present in a heterozy- 
gous condition in the original seed. From fifteen to thirty seeds of 
each sample were planted with the intention of selling at least five 
plants of each lot. A severe drought immediately after planting 
resulted in a poor stand in some cases which, together with the 
necessity of caring for other cultures during the pollinating season, 
prevented the successful completion of the original plan. However, 
2110 self pollinated ears representing 468 of the 650 lots of seed were 
obtained. 

In genetic studies with maize, seed and seedling characters are 
especially desirable since individuals possessing such characters 
may be grown in large numbers in hybridization experiments with 
the minimum expense of time, labor and space. Apparently no 
unknown seed characters have appeared among these self pollinated 
ears, although this point cannot be determined definitely, of course, 
until certain genetic tests have been made. Defective seeds (2) 4 , 
however, were rather common, appearing on 67 of these self pollinated 
ears. 

4 Reference by number is to 14 Literature Cited/' p. 78. 
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During the present winter seedling tests have been made in the 
greenhouse of 1872 of these selfed ears, and a surprisingly large 
number of seedling variations found. Approximately fifty kernels 
from each ear were planted and the seedlings examined when they 
were about three weeks old. 5 

A summary of the observations made on the 1872 families from 
selfed ears shows that 681, or 36.4 percent, contained seedling 
variations of some kind. In most of these families a single variation 
was involved but in others two or even three were sometimes found. 
Of the 1872 families, 136 or 7.3 percent, contained morphological 
variations of various kinds, such as dwarfs, spearlike seedlings most 
of which are apparently completely enclosed within the coleoptile 
and soon perish, and various forms of twisted and cut stems or other 
fasciations. In most cases these morpholoigcal variations appeared 
in numbers approximating twenty-five percent and probably are 
simple recessives. Dwarfs of various kinds were most numerous, 
occurring in 23 different families, most of which were unrelated. 

By far the most numerous seedling variations were chlorophyll 
deficiencies. These included white seedlings and white and yellow 
virescents found in 201 families, pale greens in 107 families, yellow 
and white striped or streaked plants in 58 families, and a miscel- 
laneous group of chlorophyll characters in 164 families. In addition 
45 families contained plants with a distinct waxy or glossy appear- 
ance of the leaves, in 44 of which about 25 percent of the plants 
were glossy, while in another family all of the plants showed this 
characteristic. 

It is proposed to examine the progeny of each of these 1872 selfed 
ears for mature plant and ear characters by making a second plant- 
ing in the field. As many variations of mature plant characters as 
of the seedlings are hardly to be expected, .since such abnormalities 
are much more apt to be eliminated particularly from the older and 
well established varieties thru the usual process of seed selection. 
However, it seems probable that some variations will be found and 
doubtless in sufficient numbers to make a search for them worth 
while. 

The number of variations so far found in this survey, as well as 
their frequency, is surprisingly large. Particularly is this true when 
it is recalled that only relatively few plants in each lot of seed were 
selfed. The largest number of plants selfed in any lot was fifteen 
and from each of only 144 lots were four or more selfed ears obtained. 

* Most of the pollinating as well as the detailed work involved in making these 
seedling tests was done by Mr. Fred H. Dennis to whom the writer is indebted. 
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factors it would be more vigorous and hence yield better than orig- 
inally. Lindstrom (4) questions whether the latter can be done. 
There is reason to believe, as he points but, that the genes for these 
abnormalities are scattered well thruout the chromosome complex. 
The same is doubtless true in respect to those elusive factors for 
growth, whatever they may be, upon which size and yield may 
depend. Therefore, he reasons that when one isolates and eliminates 
these inferior types by inbreeding one also eliminates some of the 
better factors for growth that are correlated with the unfavorable 
ones in inheritance. This, of course, would be true if these unfav- 
orable factors were usually or always closely or completely linked 
with the better growth factors. It is difficult, however, to see why 
they should be linked more often with good growth factors than 
with poor ones and why, on the average, as many poor growth 
factors as good ones should not be eliminated along with the recessive 
allelomorphs of these abnormal or inferior characters by selective 
inbreeding. Furthermore, while some gametes would contain prob- 
ably all of the other growth factors in a particular chromosome in 
which the gene for some abnormality is located, others thru the 
process of crossing over would contain quite different factorial com- 
plexes. Such an interchange between homologous chromosomes 
should result, sometimes at least, in the elimination of an inferior 
character without disturbing greatly the remaining factorial complex. 
The matter of finding such cases would seem to depend upon the 
number of inbred strains one could produce and the number of 
combinations between different inbred strains one could test. While 
one could hardly expect to eliminate all of the inferior growth factors 
and combine all of the superior ones of even two varieties thru 
inbreeding and subsequent crossing yet it should be possible by 
combining different lines from different varieties in double or even 
quadruple hybrids on a fairly large scale to find certain combinations 
of factors that would give better growth than any of the original 
varieties and which would remain fairly constant in subsequent 
generations. 
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THE FIELD PROBLEM IN THE SOILS COURSE , 1 

A. B. Beaumont . 2 

The list of exercises for a standard course in soils recommended 
bv the Lexington conference on soil teaching, June 23-25, 1920, 
contains one assigned problem in soil management. Due to the 
interest recently manifested by many in the improvement of the 
courses in soils and to a number of inquiries which we have received 
regarding our method of conducting the field problem, it was thought 
worth while to present to the readers of the Journal the manner 
in which the field problem in soil management is handled at the 
Massachusetts Agricultural College. 

These field exercises, of which the ones listed below are a develop- 
ment, were first tried out on a comprehensive scale in the fall of 
1919. We feel that while they are not by any means perfect and will 
doubtless undergo further change as our experience lengthens, 
they have been remarkably worth while and have come to be an 
essential part of the courses. 

Our group of vocational agricultural students, who are at college 
for two years only, and of which we ordinarily have a class of 150 
to 200, are given the following considerable verbal instructions. 
Sheet 1 is taken by the students to the operator of the farm to 
which they have been assigned, to serve as an introduction and 
to give official college approval of the project. Sheet 2 contains 
detailed directions for the student. Sheet 3 is also in possession of 
the student. 

Sheet 1. 

Massachusetts Agricultural College 
Agronomy S-I. 

Field Problem in Soil Management. 

The students of the Massachusetts Agricultural College, who are enrolled in 
the two-year practical course as well as the disabled service men assigned to the 
college by the Federal Board are required, as part of their work in the study 
of soils and fertilizers, to become familiar with some particular farm and its 
problems of soil management. 

The work will include an outline map of the farm and a study of the following 
problems : 

1 Contribution from the Department of Agronomy, Massachusetts Agricultural 
College, Amherst, Mass. Received for publication May 23, 1921. 

2 Professor of Agronomy. 
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1. Moisture control; drainage, etc. 

2. Methods of tillage. 

3. The organic matter or humus of the soil. 

4. Requirements of the soil for lime. 

5. Use of manure and fertilizers. 

The undersigned students have been assigned to a certain area. It is hoped 
that farm owners may be willing to permit the students to go over their farm for 
the purpose of this work. 


Sheet 2 

Massachusetts Agricultural College 
Agronomy S-*I 

Field Problem in Soil Management. 

Detailed Directions for Procedure 

I. Draw to scale of not less than 500 feet per inch k map of farm, showing 
boundaries of fields, location of buildings and areas of different soil types. 
Color as follows: green = water, black -poorly drained, blue -clay, 
brown - sandy loams, yellow - infertile sand or gravel. 

Sample carefully each soil type to a depth of 7 inches, and also subsoil to 
a depth of 20 inches. Bring samples into laboratory for mechanical 
analysis and acidity test. 

II. The report must cover: 

1 . Moisture condi t ions. 

How much land is now too wet to plow? 

How much might be tile-drained? 

Indicate on map possible location for mains and outlets. 

How much is likely to be drouthv as indicated by subsoil and vege- 
tation ? 

Describe topography; give amount and direction of slope. 

Is land stony? 

2. Tillage. 

How much land plowed for this season’s crops? 

How much fall and spring depth? 

How much sod and stubble? 

Type and make of plow used. 

Type of coulter used. 

Types of harrow used. 

3. Organic Matter. 

Sod plowed under? How many acres? 

Cover crops and green manure? How many acres? 

Acres newly seeded. Time of seeding. Seed mixture. 

Acres in hay last year. 

Stock kept. Hay sold. Hay bought. 

Manure applied where? Rate per acre. 

4. Liming. 

Fields needing lime as shown by vegetation. Results of acidity tests. 
Has lime been applied recently and when? 

5. Commercial Fertilizers. 

Acreage of crops to be planted for 1921. 

Manure used on each? 

Amount per acre. 

Method of application. 

Brand name. 

' Analysis. 

Cost? 

6. Summary of methods of soil management, rotation and fertilization. 

Would the student make any changes if the management were in his 
hands? If so, state reasons. 

Students will be assigned to this work in pairs. Map and report must be signed 
by each student. 
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Sheet 3. 

Massachusetts Agricultural College. 

Field Problem in Soil Management. 

Directions for Sampling Soils. 

1. (a) An auger 1$ inches or less in diameter may be used, (b) A spade or 
trowel may be used. A hole with one perpendicular side should be made and 
a thin slice taken from the side with any convenient instrument. Only one- 
fourth or one-half of this need be saved. 

2. Take the samples from the plow depth. If in doubt take them from the 
first 7 inches of soil. Only a small amount of soil need be taken at each place. 

3. (a) From fields whose soil appears to be uniform take samples according 
to one of the methods described above. From 6 to 10 samples should be taken 
at rather regular intervals, care being taken to avoid unusual situations, such as 
where brush has been burned, ash heaps or manure piles have stood, paths, etc. 
After all the individual samples arc taken by one of the above methods, those for 
one soil type only should be thoroughly mixed in a clean pan, large sticks, stones, 
roots, etc., removed, and about a pint (which should represent one-third or 
one-fourth the mixture) removed for examination. This is a composite sample, 
(b) If the field contains considerable areas of soils of marked apparent differences 
(e. g. clay loam, sandy loam, muck) sample each type of soil as described under (a). 

4. The composite sample prepared for testing should be labeled with the 
owner’s name and the name or description of the fields from which taken. It is 
very important- to avoid loss or confusion of labels, and it is advised that in 
addition to the label on the outside a label written in lead pencil on strong white 
paper be placed in the package of soil. 

The character of the work turned in of course varies considerably 
in quality. Some of the students find considerable interest in the 
work and put in time far in excess of that required for class credit, 
while others put in the minimum only. 

The following extracts from some of the reports should prove 
interesting : 


(Extract 1) 

Report of the Svrvey of the F Farm made by H. R. and G. P. 

“ The farm is located on the road between — and 

and comprises about ninety acres (not including the wood- 
land) all of which is alluvial soil. 

There are some ten to fifteen acres more of woods attached to the southwest 
end of this farm. We were unable to obtain any measurements of these woods 

as Mr. F was too busy to show us around and there are no 

land marks or other means of identifying his woods from those of the neighbors. 

Moisture Control. — A good portion of the farm is well drained, but: certain 
other parts notably pasture and meadow are in real need of some system of 

drainage. In the case of the pasture, Mr. F did dig, some 

years previous, two short open ditches which emptied into the brook. These 
have, however, through lack of care and attention become almost completely 
filled so that they are now quite useless. 

I could not see that it is the intention of the proprietor to install any further 
system of drainage, nor, in fact, to even dig out these old ditches. Apparently 
he has either not the time or money to place on this improvement/' 



82 


JOURNAL OF THE AMERICAN SOCIETY OF AGRONOMY 


(Extract 2) 

“ There were five acres of sod plowed under in the lower field and also tobacco 
stems which were strewn around before plowing under. There are no cover 
crops grown on the farm at all. 

There were eight acres in hay last year but none was sold. This farm keeps, 
5 work horses, 1 riding horse, 26 head of cows, 20 young head, 9 calves, 2 pigs. 

A few tons of hay were bought last winter. 

Manure has been applied to lower field at the rate of 2j cords per acre and on 
com and tobacco land in the upper field 2 £ cords per acre were also applied. 

All of the pasture needs liming badly, indicated by vegetation and also six 
acres of land in the upper field where the soil is gravelly. Fertilizer was used 
on the lower field two weeks ago. There ate 30 acres to be planted to 1921 
crops made up of, 7 acres to soiling crops, 3 acres to corn, 10 acres to onions, 
10 acres to tobacco. Muriate of potash was used as fertilizer this year. A hill- 
side plow was used this spring. 

One suggestion I should make would be that the bams and sheds should have 
a better situation than they have at present. I should also drain the pasture 
out in the lower field. There is also a good chance to keep hens. Taken alto- 
gether I think the farm is handled on a good routine and management. ” 

(Extract 3) 

Liming, — “Fields need lime in spots. He used lime up to about three years 
ago but since he got a dose of potato scab he has not used it. All land shows 
slight acidity. 

Commercial Fertilizers — He expects to plants eleven acres this year possibly 
more. There will be 15 tons of manure applied per acre with 600 pounds of 
fertilizer (Animal Brand, L. Fertilizer Company, analysis 3-8-4). On mm, 
potatoes, etc., the fertilizer is sowed in the hills to furrows by hand; other places 
a horse drawn sower is used. It costs about $57 per ton. 

Mr. S has got in my opinion a very nice farm. Were I 

running this farm I would first buy a couple of carloads of lime and use about 
two tons per acre, put more acreage into corn and clover. For instance he uses 
potato, com and oat fertilizers while I would change this and use more clover and 
green manure, though there seems to be plenty of organic matter in the soil. 

Nearly all his trees are headed high enough to use a tractor on where he plows 
and harrows the orchard once a year. I would buy a tractor and plow and harrow 
probably once a month. He uses a grass mulch, I would use a dust mulch." 

(Extract 4) 

“It seems there is no system of rotation or fertilizing. Should this land be 
in our hands we would recommend this land to be limed as it shows plenty of 
add content by litmus tests. There should be drains put in as indicated by 
map diagram. There is a fine chance for an outlet as the brook or creek even- 
tually ends in the Connecticut river. This land will eventually be used for poultry 

and fruit gfowing as this is Mr. M \s plans, so that is the real 

reason for no developments in the bringing up of soil structure." 

This sort of field problem has not as yet been introduced into the 
introductory course for four-year students. It is intended to intro- 
duce a modification of the above problem next year. 

To students, juniors and seniors of the four-year course, who elect 
our course in advanced soils, soil classification is stressed as shown 
by Sheet 4, On account of a much greater time allotted and a more 
extensive preparation, more exhaustive reports axe expected from the 
advanced students than from the vocational students. 
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Sheet 4. 

Massachusetts Agricultural College 
Agronomy 75. 

Directions for Field Work in Assigned Areas. 

I. General Survey 

The entire area must be surveyed and mapped (using map given). Indicate 
type areas on topographic map with hard pencil, letting certain numbers represent 
soil types. Finally the areas are to be colored using a uniform system which 
will be given later. A general report on the area assigned is to accompany the 
map. This report will include: 

1 . Location and boundary of area. 

2. General physical features. 

3. Description of soils and systems of soil management followed on them. 

4. Discussion and suggestions, if any, for improvement. 

The topographic map assigned must be mounted on stiff cardboard folder for 
field work. 

Three weeks (from October 18th) will be allowed for completing this work. 
(Parts I and II) 

II, Detailed Survey 

In the area assigned select a farm of not less than twenty acres and, with the 
occupant’s permission, make a detailed study of the farm from the standpoint 
of soil management. The final report will include: 

1. A soil map of the farm on which are shown fields, brooks, buildings, etc., 

drawn to a scale not smaller than five hundred inches to inch. Give name 
of owner or occupant of the farm. 

2. Detailed description of soil types on the farm and systems of soil manage- 

ment covering: 

a. Moisture control 

b. Methods of tillage 
e. Soil organic matter 

d. Liming 

e. Commercial fertilizers 

f. Cropping systems 

3. Discussion and suggestions, if any, for improvement, with reasons. 
Composite soil samples for the surface (o"~7") and subsurface (7 "-20") of each 

type are to be brought to the laboratory for mechanical analyses, determination 
of water-retention capacity and lime requirement estimation. 

Following are extracts from some of the reports on sheet 4: 
(Extract 5) 

1. Location and Boundary 

“ This area is situated in the northern part of the town of , Hamp- 

shire County, Mass., bordering on the Connecticut river. The southern boundary 

begins at the junction of the Road with the Road 

and extends along it to the river road. From here it extends northwest to the 

river then swings to the northeast meeting the Road where the brook crosses 

it. From here the line runs southeast crossing the Road and 

gradually changing direction to southwest until it reaches the lower 

Road. (See area marked in ink on the map.) 

2. General Physiographic Features. 

Beginning at the river there is a narrow strip of river-laid soil which is still 
subject to overflow. Moving east the area is cut practically north and south 
by a small creek. From the creek bed the ground rises some forty feet to a ridge 
or series of sand knolls. A branch extends southeast from the main ridge near 
the southern part of the area (see map) giving the knoll a forked appearance. 
From this point to the eastern boundary the land lies practically level. The 
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altitude varies from 100 to 160 feet above sea level. Drainage is good except for 
comparatively narrow strip of marsh along the creek bottom. 

3. The soil of the river flood plain is Podunk fine sandy loam. The soil is 
dark brown in color over brownish gray subsoil. The subsoil is sandy. Soil 
is well suited to grass and heavy truck crops. 

Practically all the remainder of the area is Hartford fine sandy loam. The soil 
is brown to light brown in color underlain by yellowish sand. The soil is of 
glacial lake deposit and has good drainage. Topography is level except for 
sand ridges which may be result of wind action. The soil seems well adapted to 
truck crops such as tobacco, onions, and grass and com do well. 

A modification of this type is found in the sandy knolls running thru the area 
which correspond very closely in texture to the subsoil of this series. The 
formation is undoubtedly the same. * 

4. The Podunk soil in this area was largely in timothy with several acres of 
onions and a few acres of asparagus. All of these crops are doing well and seemed 
adapted to the soil type. The Hartford soil on the flat is growing tobacco, 
onions, grass, corn, potatoes and asparagus. Some stock is kept on most of the 
farms but most of the farmers rely largely on commercial fertilizers and turning 
under green crops to keep up the humus content of the soil. I11 most cases the 
farms are well balanced and the methods modern. One or two instances were 
noticed where the farmer was sticking to the old fashioned rotation of hay, corn 
and potatoes and feeding cows of medium capacity. The cream is carried to 
the creamery and the milk fed to young stock. One said he had been farming 
there forty-five years and from all appearance, he had made little change in 
method during that time. He would make more money if he followed the 
example of some of his neighbors and raised a few cash crops such as tobacco or 
onions.” 

Detailed Survey of the Farm of G. C . 

%t There arc two types of soil found on this farm both of the Hartford series. 
The fine sandy loam soil is the only soil kept in cultivation as the sandy knolls 
are grown up to scrub oak, pine and bushes. I think the farmer is doing right 
in leaving these knolls as, if they were cultivated there would be danger of their 
injuring the good soil by erosion and wind. This farmer practises no definite 
rotation but makes a practice of following grass with corn or potatoes for a year 
or two and then reseeding to grass and clover. The timothy is usually left 

about three years. Mr. C also has a small patch of alfalfa started but 

raises nothing in the line of cash crops except a few potatoes. 

About twenty head of cattle are kept on the farm, the corn and hay being mostly 
fed out. The cream is taken to Amherst Creamery and the milk to feed the young 
stock. The corn showed a good yield of good grain but it would need to, on land 

worth upwards of $300 an acre. I think Mr. C — would do better to raise 

some cash crops such as tobacco and onions and reduce the amount of stock. He 
already has a tobacco shed on the square of ground bought at the south of his 
main strip of farm land. His neighbors are making a good success of these 
crops and his land is practically the same.” 

(Extract 6) 

1. Location and Boundary. 

” The area surveyed was oval shaped, approximately one mile long and one- 

half mile wide, and situated in the town of S , Mass.* To be exact it 

lies due north and south and stretches from the C homestead northward 

till the sharp bend in the road is met a mile further. The street railway runs thru 
center of the area. It is bounded on the north by the Mohawk Brook; stretches 

eastward as far as fourth farm house located on road to L ; on the south 

boundary by the Long Plain Brook and on the eastern boundary by an imaginary 
line one-half a mile frqm opposite eastern boundary at greatest width. 

2 General and Physiographic Features. 

The topography of the area surveyed was very much varied. Practically parallel 
strips of increasing altitude eastwards, ran north and south. In fact it was one 
continuous slope from east to west with occasionally longitudinal sandy moraines 
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intercepting on west side of car track and before meadows, were reached. The 
soil is universally sandy, thus giving a loose structure to the soil and providing 
excellent soil surface drainage thruout. Vegetation was excellent, except on 
moraine tops where pine and birch trees grew abundantly. Long Plain Brook 
which passes thru southern end of survey had overflowed often, it seems, and the 
old brook bed filling up with accumulated gravel and stone, had spread until 
rocks of considerable size and gravel and stone had been deposited in large 
amounts upon the lower lands causing them to be practically useless under 
cultivation. 

3. Descriptions of Soils and Systems of Soil Management. 

In general the soil was the same over the entire area surveyed, that is, a sur- 
face soil of medium sandy loam, brown in color, and a medium brown sandy 
sub-soil. In specific areas this varied, as in the northeastern part we found a 
coarse sandy top and sub-surface soil predominant, with a surplus of loose stones 
on surface. On the top of the sandy mounds the sub-surface and surface soils 
were as one. The meadows were very moist soils varying from light brown sandy 
soil to a silt on top; and a brown medium sand to a clay beneath. Near the 
brook bed the auger was hard to turn often, due to surplus stones in sub-surface 
soils. Eight separate farms were found on this area and their chief crops were 
corn, tobacco, onions, and cover crops. To these the predominating Manchester 
sandy loam seems especially adapted. The usual system of cropping seemed 
to be alternate growing of onions and tobacco, or first a cover crop, then onions, 
then tobacco. The land owners took exceptionally good care of fertility of their 
soils under cultivation and replenished with com stalks, tobacco stalks, farm 
manure and commercial fertilizer, the fertility of the soil. The lower meadows 
were mostly in grass except where overhead irrigation was put in and here onions 
were grown with tremendous profit and production per acre. 

4. Discussion and Improvement Suggestions. 

Little waste occurs in the area under survey and in general it is a great asset 

to the community of S . Each individual farmer rotated his crops every 

one or two years and fertilized fully to avoid depletion. One possible and surely 
profitable improvement would be to drain some of the lower wet meadows and 
grow a more profitable crop on the fertile soil besides grass. Two mucky sections 
on west side of car track could also be drained and better utilized. Certainly 
the farm buildings could be repaired and improved to advantage.” 

(Extract 7) 

Detailed Survey of a Thirty Acre Plot on the H Farm. 

“ The H farm is the most prosperous and best kept up farm in the 

entire 4 section 6 One field, a thirty acre plot, is the best land Mr. H 

owns. He runs a large dairy, selling his cream to local stores. On the farm is a 
large litter of pigs and many poultry. The stable manure is well supplied with 
wood shavings, of which he uses a great amount for bedding. 

Systems of Cropping and Fertilizing . 

Mr. H ’s entire stable manure supply is used on his own farm. 

He uses 3 tons of lime ashes per acre on this particular plot. He secures it from 
an agent at $8.00 a ton. Before the war he used potash. No chemicals are used. 
The area grows ensilage corn and hay this year. He employs no positive or 
set rotation of crops, but he usually grows a two year corn and two year hay rota* 
tion, using about half the field for each crop each year. What he calls * hay ’ 
is a mixture composed mainly of red top with either clover or alfalfa. His rota- 
tion is never definite, however. His chief fertilizer is the manure of a fifty-head 
herd of cows. In spite of the lime ashes, the land is quite sour. 

Detailed Description of Soil Types and Soil Management. 

The Gloucester and the Essex series are prevalent on this thirty acre plot, 
the former being far more abundant. The northern section of the field is pecu* 
liar in the arrangement of the coarse sandy loam and the medium sandy loam due 
to small hummocks in the area, the latter type being on the more elevated ground. 
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In the north-western portion, small depressions like tiny sink holes have been 
formed in which water rises to the surface, even in dry times. These depressions 
are not being drained and quite an expense would have to be utilized in their com- 
plete drainage. The land on the mounds is much more covered with small 
stones than that in the slightly less elevated areas. Running parallel with a 
telephone line, which runs diagonally from the northwest, is a rather poorly built 
drainage system which is now 90% clogged up. A few laterals subtend this, 
but with slight success. Most of the field is naturally mucky. It is some years, 
about 8 or 10, that 6 inch drain has been laid. The southern part of the field 
is mostly of the Essex series. The lower land is mucky, very fine sandy black 
loam with a silty subsoil. The more elevated land is nearly the same, but dryer, 
with a medium sandy subsoil. 

* 

Suggestions for Improvements. 

The land is awfully sour in spite of his attempts to neutralize it with lime 
ashes. If money permitted, the field would be greatly benefited by a new 
drainage system, because the present one is not working/' 


(Extract 8) 

Soil Survey of the R. A. S Farm. 

“ The farm is located at the extremity of P Lane on the right. 

The house and about six acres of land, most of which is set to orchard, lies between 

the two roads running south drom P Lane. The rest of the farm 

is east of the farther road in a strip 222 feet wide and extending to a brook. 
The general slope of this land is to the east. 

There were four types of soil found on the farm. There was a small strip of 
Gloucester silty loam in the north-west corner of the farm. Gloucester very 
fine sandy loam was found on the two slopes. Suffield silty loam was found in an 
area at the foot of the east slope and the Suffield clay loam occupied the flat 
land from there to the brook. 

Recommendations. 

Fields 1, 2, 5, 6 and 7 are being managed well. The land which has not already 
been limed should be and they should be fertilized each year. 

Fields 3 and 4 are in poor condition but could be made very productive for 
hay land if limed, drained and fertilized a little. We suggest that he run a ditch 
down the north side of the fields next to the woods and clean out and enlarge 
the old ditch on the south side. These ditches would drain into the brook. 
With the slight slope and the sand content in the sub-soil, we thought this would 
be sufficient, but if not, cross tile drains could be resorted to. 

Soil Acidity and Lime Requirement. Test Made on Three Soils. 

No. 1 surface (fine sandy loam) No. 3 surface (silt loam) and No. 4 surface, 
clayey loam. (Note, by mechanical analysis of this type I determined that this 
soil was a very five sandy loam.) 

The three first qualitative tests showed strong acidity on No. 1, medium on 
Nos. 3 and 4. The subsoils of each were slightly acid. 

The Truog test for acidity resulted as follows: 

No. 1 surface soil — very strong acidity. 

Lime requirement — 4 tons per acre. 

No. 1 subsoil — slight — acidity. 

No. 3 surface soil — Medium -f acidity; Lime requirement — 2% tons per acre. 
No. 3 subsoil — slight -f- acidity. 

No. 4 surface soil — strong acidity; Lime requirement, 4 tons per acre. 

No. 4 subsoil — very slight acidity. 

Mr. S had limed part of a piece of the same soil type as No. 1. 

When I tested the surface (limed) with the Truog method the following result 
was obtained : 

Very slight acidity. Lime requirement. No lime may be needed but if any 
about } ton per acre. 
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Organic matter and Maximum Retentive Capacity. 
Duplicate tests were run on the soils. The results were as follows: 


Organic Matter Estimation. 

Surface of No. 1 

Subsoil of No. 1 

Surface of No. 3 

Subsoil of No. 3 

Surface of No. 4 

Subsoil of No. 4 

Maximum Retentive Capacity. 

Soil 

Surface No. 1 

Subsoil No. 1 

Surface soil No. 3 

Subsoil No. 3 

Surface No. 4 

Subsoil No. 4 


% organic matter. 


{fc 

u.o% \ 
9-«% J 

Av. 

10 

4 % 

f a. 

! b. 

4-0% ! 

4-2% J 

Av. 

4 

• 1 % 

j a. 

1 b. 

10 . 0 % l 
9-« %J 

Av. 

9 

9% 

! a. 

) b. 

5-4% j 
5-4% / 

Av. 

5- 

4% 

f a. 
\b. 

6.6% \ 
6-4%/ 

Av. 

6 

5% 

I a. 
lb. 

3 °% / 
2.8% i 

Av. 

2. 

9% 



Max, 

H,Q 




3«. 

6% 




44- 

0 % 


675% 
43 0% 
38 -5% 
44-3% 


For the Mechanical Analysis Experiment, I used the soil which I classified as 
clayey loam, No. 4: but the analysis of both subsoil and surface soil proved 
that the soil is a very fine sandy loam. 

Mechanical Analysis of Soil No. 4. (Surface Soil) 10 grams sample of oven - 
dry soil used. 


Separate 
Fine gravel . . . 
Coarse sand . . 
Med. sand 
Fine sand .... 
Very fine sand 

Silt 

Clay 


Weight 

(grants) 

.07 

• 3<> 

•6/ 

4.60 

1 55 

2.11 

. 70 (by difference) 


3<> 

6.7 

46.0 
15 5 

21 . 1 
7<> 


10 grams 


Or the surface soil contains 


Sands 71. 9% 

Silt 2 i.i% 

Clay 7 . 0% 

Subsoil 

Weight 

Separate (grams) 

Fine gravel 04 

Coarse sand 24 

Med. sand 97 

Fine sand 4.71 .... 

Very fine sand 54 .... 

Silt 2. n 

Clay 1. 31 


100.0 


2. 

9 

47 1 
5.4 
21 . 1 
13 1 


Recommendation: Same as given in report. 
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We feel that field work such as above reported is valuable to the 
student because it forces him to think in terms of soil science and soil 
management, because it brings him in contact with the actual farmer 
and his problems and because it shows the relation of soil knowledge 
to other phases of agriculture, particularly farm management. 


THE CHARACTER OF 1919 CROP SPRING WHEAT DOCKAGE. 1 

% 

C. H. Bailey . 2 

During the crop year 1919-1920 the Minnesota Experiment 
Station, in cooperation with the Minnesota State Grain Inspection 
Department, conducted an investigation of dockage in spring wheat. 
As one phase of this investigation the dockage removed from a large 
number of samples was separated into its several components, and 
the proportion of each was determined. Two series of samples were 
employed: (a) four 100 sample lots of spring wheat representing 
inspection samples drawn by the State Grain Inspection Depart- 
ment at Minneapolis over a period of about eight months, and (b) 
samples of spring wheat collected by representatives of the Experi- 
ment vStation and the State Grain Inspection Department from 
country elevators in the principal wheat producing sections of the 
State. 

Dockage was separated in the manner customary to the inspec- 
tion and grading of spring wheat. The total dockage was then 
divided into three groups or classes of material as follows: (1) 
coarse fraction, after separation of wild oats; (2) wild oats; and 
(3) fine seeds and dirt. The first fraction consisted chiefly of tame 
oats, barley, straw nodes, rose hips and the like. The second group 
was, as indicated, made up entirely of wild oats, while the character 
of the third, group is shown in Table 2. 

Table 1 gives the average percentage of each of these three frac- 
tions, the total of the three fractions, and the percentage of dockage 
as determined by the State Grain Inspection Department. The 
difference between the latter and the total found in this laboratory is 
not great. It is, moreover, not far different from the average dock- 
age found in all samples of spring wheat inspected by the State 
Grain Inspection Department during the 1919 crop season, which 

1 Published with the approval of the Director as Paper No. 271, Journal Series, 
Minnesota Agricultural Experiment Station, University Farm, St. Paul, Minn. 
Received for publication, August 25, 1921. 

2 Associate Agricultural Biochemist, Division of Agricultural Biochemistry. 
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was 4.57 percent. Wild oats constituted quite uniformly about 
one-third of the total dockage in these samples. 

Table j. — Average percentage of dockage in each of the 100 sample lots of 
spring wheat from the state grain inspection department. 


Dockage. 

Coarse dockage (except wild oats) 

Lot 1. 

Lot 2. 

Lot 3. 

Lot 4. 

Average 

per cent 

0.72 

0 47 

0.27 

0.28 

0.43 

Wild oats, percent 

1.88 

1.51 

I 49 

1.39 

1 .57 

Fine seeds and dirt, percent 

Total of the three fractions, per 

2.71 

2.48 

3- 14 

3 . 0 2 

2.84 

cent 

Total dockage reported by Grain 
Inspection Department, per- 

5 3 1 

4.46 

4.90 

4.69 

4.84 

cent 

5.01 

4.40 

4.88 

4.68 

4 74 


Barley was found to the extent of more than a trace (0.1 percent) 
in 45 of the 400 samples. The average quantity in these 45 samples 
was 1.02 percent, and calculated, on the basis of the 400 samples the 
average in the whole was 0.11 percent, or a little more than a trace. 

Tame oats were found in 29 of the 400 samples. The average in 
these 29 samples was 1.51 percent, and thus in the entire 400 samples 
the average was 0.1 r percent. This is in addition to the average of 
1.57 percent of wild oats. 

Flax was found in 9 of the 400 samples. In four instances the 
quantity was fairly considerable, being 3.5, 5.0, 17.1, and 20.9 percent 
respectively. In the other five samples the average was 0.8 percent. 

In addition to the separable impurities or dockage, the insepar- 
able weed seeds were also determined. Corn cockle was present to 
the greatest extent, being found to the extent of more than a trace 
in 23 of the 400 samples. In these 23 samples the quantity found 
averaged 1.02 percent. Wild vetch, or wild peas as they are some- 
times called, occurred in only 10 samples of the 400, and in these 
10 samples averaged 0.52 percent. Kingheads, or the seed of giant 
ragweed, were found in only 6 of the 400 samples, and in these six 
samples averaged 0.84 percent. 

•The fine seed and dirt separated from each of the 100 sample lots 
were, after compositing, analyzed and the percentage of each of the 
seeds represented was determined. In addition to the weed seeds, 
this fraction contained appreciable quantities of small and broken 
wheat kernels, the average being 28.25 percent. It is impossible 
to completely separate such wheat either in using the sieves ordinarily 
employed in determining dockage or in commercially cleaning grain, 
especially when dealing with such shriveled, light-weight grain as 
constituted the bulk of the 1919 spring wheat crop. The fine seed 
and dirt fraction also included considerable chaff, stems, dust, etc., 
the average being 5.75 percent. 
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The principal seed components of this fraction were yellow foxtail, 
green foxtail, wild buckwheat, wild mustard and hare’s ear mustard, 
these five seeds constituting 87.86 percent of the fine seeds and dirt 
after the wheat had been removed. The percentage of each of the 
components is shown in Table 2. 


Tahle 2. — A nalysis of the fine seed separated from grain inspection department 


samples. 


Average 


On wheat 


As free 

Material. Lot 1. Lot 2. Lot 3. Lot 4. found basis 

Percent. Percent. Percent. Percent. Percent. Percent. 


Small and cracked wheat 

kernels 

Chaff, dust, stems, etc. . . 
Yellow foxtail (Set-aria 

glaucus) 

Green foxtail (Solaria 

viridis) 

Barnyard grass (Echino- 

chloa crusgalli) 

Wild mustard (Brassica 

arvensis) 

Hare’s ear mustard (Con- 

ringia orientalis) 

Wild buckwheat (Poly- 
gonum convolvulus) . . . 
Ladies’ thumb (Poly- 
gonum persicaria) 

Pennsylvania smart weed 
(Polygonum pennsyl- 

vanicum) 

Pigweed (Amaranthus re- 

troflexus) 

Lambs quarters (Cheno - } 

podium album) | 

French weed (Theaspi | 

arvense) ( 

Curled dock (Rumex cris- 

P«s) 

Cow cockle (Saponaria 
vacarria) 


30 . (X) 

3 1 . 00 

1 8 . 50 

5 . 00 

5 ■ 25 

7 . 00 

18.50 

21.25 

24.00 

36 . 00 

28.00 

34 00 


■50 

1 .25 

2 . 50 

3 ■ 5 ° 

3 • 75 

i. 5 <> 

4.00 

4.00 

6 . 00 

4-25 

4 ■ 5 ° 

T 

•25 

•50 

T 


•75 

T 

.50 

•50 

0 . 50 

1 . 50 

125 


33 • 5 « 
5-75 

28 . 25 
5-75 

0.00 
8 . 02 

2 1 . 00 

21.19 

29.52 

23-75 

30-44 

42 43 

125 

■75 

1.04 

3 • 75 

3 37 

470 

3 . 00 

3-12 

4 35 

5.00 

'4 94 

6 . 86 

• 50 

■31 

•43 

• 75 

•37 

•52 

• 5 ” 

•37 

•52 

1.25 

1.12 

156 


T (trace) indicates less than 0.1 percent. 


Recalculation of the foregoing data, shows that the 400 samples 
examined contained 4.03 percent of impurities of all description, 
including barley and tame oats. The last two items amounted, on 
the average, to 0.22 percent. 

The 400 samples obtained from the State Grain Inspection Depart- 
ment represented the average of receipts from the entire spring 
wheat district commercially tributary to Minneapolis. In order to 
secure more definite information concerning dockage in Minnesota 
spring wheat, representatives of the two institutions were sent to 
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about 80 country shipping points in the principal wheat growing 
sections of the State, where they secured samples representative of 
the grain marketed at those points, For convenience in tabulating 
the results of tests of the samples thus secured, the territory covered 
was divided into three zones: (1) Minnesota River Valley, (2) 
Southern Red River Valley, and (3) Northern Red River Valley. 
Dockage in the samples from these zones was determined in the same 
manner as before, and Table 3 gives the average percentage of each 
fraction, as well as the average weight per bushel of the samples 
from each zone. It will be observed that the character of dockage is 
somewhat different in each of the three zones. Spring wheat from 
the Minnesota River Valley contained more wild oats and less fine 
seeds than that from the Red River Valley. The average quantity 
in all three zones was rather large, exceeding that found in the average 
samples from the State Grain Inspection Department. This sug- 
gests, but does not definitely establish that the foreign matter or 
dockage in Minnesota wheat is greater than that in wheats grown 
elsewhere in the spring wheat district. 

Table 3. — Average percentage of dockage , and weight per bushel of samples 
from each of the three zones in Minnesota . 

Minnesota Southern Red Northern Red 
Class of Dockage. River Valley. River Valley. River Valley. 

Coarse dockage (except wild 


oats), percent 

0 . 23 

0. 10 

1.07 

Wild oats, percent 

4.40 

2.41 

3 21 

Fine seeds and dirt, percent .... 

2.72 

4.64 

4- 56 

Total of the three fractions, per- 
cent 

7-35 

7 15 

8.94 

Weight per bushel, lbs 

51-30 

5 1 9 ° 

52.60 


The fine seeds and dirt fraction from each sample was retained, 
those from each zone were combined and the components of each 
composite sample were separated. Table 4 gives the results of this 
mechanical analysis. As in the case of the samples from the State 
Grain Inspection Department, yellow foxtail, green foxtail, wild 
buckwheat, wild mustard, and hare’s ear mustard comprised the 
major portion (85.94%) of the wheat-free material. 

With respect to impurities which were not separated in the ordi- 
nary determination of dockage there were marked differences in the 
samples from the three zones. Thus, 45 of the 83 samples from the 
Minnesota River Valley contained wild vetch after the dockage was 
removed, the average content in these 45 samples being 0.74 per- 
cent, or an average of 0.40 percent in the entire lot of 83 samples. 
Only four of the cleaned samples contained com cockle seed, the 
average in the four samples being 0.75 percent. In the samples 
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Table 4. — Mechanical analysis of the fine seed separated from samples 
wheat from the three wheat producing zones. 


Average 


of 



Minnesota 

Northern 

Southern 


On 


River 

RcdRher 

Red River 


wheat- 

Material. 

Valiev. 

Valiev. 

Valley. 

As found 

free 






basis. 


Percent. 

Percent. 

Percent. 

Percent 

Percent. 

Small and cracked wheat 






kernels 

23 5 

9 5 

24.5 

19.17 

0.00 

Chaff, stems, dust, etc 

5-5 


5 *o 

3 5 ° 

4 33 

Yellow foxtail 

39 5 

23 . 0 

39 5 

34 °° 

42 . 10 

Green foxtail 

24.0 

32.0 

18.0 

24,67 

3 ° 5 i 

Barnyard grass 

.8 

2. 0 

1 .0 

I 27 

1 57 

Wild mustard 

1-5 

11 .0 

4-5 

5.67 

7.02 

Hare’s ear mustard 

• 5 

7-3 

2.0 

3 27 

4 °5 

Wild buckwheat 

1.5 

1.5 

2.5 

1.83 

2.26 

Ladies’ thumb 

j .0 

1.5 

0.5 

I -OO 

1.24 

Pennsylvania smart weed . . . 

• 5 

1 .0 

1 .0 

.83 

1 .03 

Pigweed 

.2 

2.0 

•3 

•83 

1 . 03 

Lambs quarters 

.2 

4-2 

.2 

i 53 

1.89 

Mallow* 


1 . 5 


• 5 ° 

.62 

French weed . . , , , 


1 . 0 


•33 

.41 

"Evening primrose 


1 .0 


33 

•41 





Pepper-grass 

.8 



.27 

•33 


from the Northern Red River Valley about one-third contained 
kingheads after cleaning, with an average of 3.09 percent in these 
samples. The average percentage of kingheads in all the samples 
from this zone was 1.18 percent. Cockle, kingheads, and vetch 
were practically absent from the samples representing the Southern 
Red River Valley. 


SUMMARY 

Impurities are difficult of separation from shriveled spring wheat 
such as was represented in the crop of 1919. The fine dockage 
included considerable shrunken or shriveled wheat which could not 
be separated from the ordinary weed seeds by the usual processes of 
screening. 

An average of 1.57 percent of wild oats was found in the 400 wheat 
samples obtained from the State Grain Inspection Department. 
The same samples contained an average of 2.84 percent of fine seeds 
and dirt. This consisted in large part of the seeds of green foxtail, 
yellow foxtail, wild mustard, hare’s ear mustard, and wild buck- 
wheat. 

Wild oats constituted a larger percentage of the samples collected 
at 80 country points in Minnesota, averaging 3.71 percent in the 
140 samples. The same weed seeds in the fine dockage predomi- 
nated in these samples as in the 400 samples from the State Grain 
Inspection Department. 
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Inseparable seeds were found in varying percentages in the different 
sections of the State. Thus half of the samples collected in the 
Minnesota River Valley contained wild vetch seed, while about 
one-third of the samples from the Northern Red River Valley con- 
tained kingheads after cleaning. Neither kingheads nor wild vetch 
were found to an appreciable extent in the samples from the Southern 
Red River Valley. 


A TREATMENT TO PRESERVE VALUABLE REPRESENTATIVE 
SAMPLES OF EAR CORN . 1 

C. S. Dorchester . 2 

One of the great difficulties encountered in Farm Crops teaching 
is to preserve representative specimens of grain against damage by 
the Angoumois grain moth and similar insect pests. It has been 
found very desirable to make rather extensive use of type samples 
or specimens for class study and exhibit purposes and anything that 
could be done to preserve such material would be of help in the crops 
teaching work. The Farm Crops Department of Iowa vState College, 
after trying several methods, has found one which has proved very 
satisfactory for the preservation of samples of ear corn. 

A transparent, rather glassy coating which protects against the 
angoumois grain moth, discourages mice, and helps to prevent the 
shelling of butt and tip kernels can be secured by dipping com ears 
in pure white shellac. Not only does shellac protect and thereby 
greatly lengthen the life of a sample, but it actually improves the 
appearance of the com. 

From the exhibit standpoint the cost of coating with shellac is not 
excessive. The results of treating a number of ears with pure shellac 
indicate that the average cost per ear will be from 5 to 10 cents. 
The cost will vary considerably, the deep kernelled ears taking much 
more shellac than do those of the flinty, shallow kernelled type. In 
an effort to reduce the cost of treatment a solution of shellac and wood 
alcohol, half and half, was used. The coating obtained, while giving 
considerable protection, was found not to be heavy enough to keep 
out the grain moth. 

In the fall of 1920 an effort was made by the college to obtain an 
extensive collection of com varieties. Five ear samples of some 80 

1 Contribution from the Department of Farm Crops, Iowa State College. 
Received for publication November 12, 1921 

* Assistant Professor, Farm Crops Department. 
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varieties representing nearly all sections of the United States were 
obtained. The expenditure of time and money, while not excessive, 
was entirely too large to be repeated in a year or two. It was thought 
that some protective coating or repellent might be applied to each 
ear. It was found that antimot, a preparation used by the United 
States Department of Agriculture, destroyed the luster and did not 
have a lasting effect. After a few preliminary tests, all of the 80 
type samples were treated with a solution of shellac and wood alcohol. 
The alcohol was used in order that the expense of this experimental 
treatment might be reduced. When this exhibit was set up at the 
Iowa State Com Show, a few people wondered what had been done 
to the com, but the majority did not notice that it had been treated. 
The slight gloss imparted by the shellac enhanced the appearance of 
the com. 

To test the effectiveness of pure shellac, a few treated and untreated 
ears of Reid's Yellow Dent were stored under conditions most favor- 
able to the Angoumois grain moth. Ear No. i was dipped in white 
shellac. Ear No. 2 in a half and half solution of shellac and wood 
alcohol, Ear No. 3 in antimot, and Ear No. 4 was not treated. A 
small cupboard containing a few old sorghum heads swarming with 
moths was used for the test. The com was placed in this cupboard 
in the early part of the summer and left there for three months. At 
the end of that time an examination was made. The ear treated 
with pure shellac, while not entirely free from damage, was in much 
better condition than the other ears. Number 3 and number 4 
which had the antimot treatment and no treatment, respectively, 
were completely riddled. 

The com ear which, so far as we know, was the first ear to be 
treated with shellac was treated in December 1920 and was placed 
on the office desk whe^ it has been k£pt since that time. Untreated 
ears kept in the office have been so damaged by the grain moth and 
mice that the ears had to be removed. The shellaced ear has not 
been damaged in the least by the mice, but close examination in 
June 1921 revealed a few moth holes. These holes were marked and 
the ear, which in the original treatment only had been brushed with 
shellac, was then dipped. No further- damage has been noted. 

While the half and half solution used on the 80 type samples was 
quite satisfactory it has been deemed desirable, in view of the greater 
protection obtained, to use pure shellac in a second treatment of 
these samples. : 

The treatment with shellac promises to make it possible to -pre- 
serve representative samples for permanent exhibit by. eliminating 
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or greatly reducing the amount of damage from the Angoumois 
grain moth. Heretofore, the life of a corn sample, in spite of a more 
or less methodical fumigation, has been very short and the work of 
securing the different varieties has had to be repeated every two or 
three years. vSamples treated with shellac and given reasonable 
care should keep much longer. 

Besides being valuable as a method for protecting representative 
samples, the shellac treatment could well be used on mounted material, 
such as ears and ear sections, used in class and laboratory work. 
It is the plan of the Farm Crops Department to use shellac treated 
material in the making up of all new mounts. 
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AGRONOMIC AFFAIRS. 

CHANGE IN PLACE OF PUBLICATION OF THE JOURNAL. 

This Journal has, ever since the beginning of its publication as 
a periodical, been printed and distributed by The New Era Printing 
Co., of Lancaster, Pa. For a number of reasons, it has now been 
deemed wise to transfer its publication to the J. B. Lyon Company, of 
Albany, N. Y. The new publishers assure the editor that they will 
be able to issue the Journal promptly on the 15th of each month of 
publication, if the manuscripts are in their hands with reasonable 
promptness. If authors will cooperate with the editor by promptly 
returning corrected proofs, it seems to be possible now to assure 
subscribers that their numbers will in the future arrive promptly 
on the expected dates. 

Correspondence concerning manuscripts for publication, changes 
in address, proofs, etc., should be addressed to the editor at the 
N. Y. State Agricultural Experiment Station, Geneva, N. Y. 

CHANGES IN MEMBERSHIP. 

The secretary has reported the following changes in the member- 
ship of the Society since his last annual report: new members, 34; 
resignations, 2 ; net gain in membership, 32. This makes the present 
membership of the Society, 718. In addition to this, there are 141 
subscriptions to the Journal by libraries, institutions, etc. 

NOTES AND NEWS. 

William E. Stokes has been appointed as Grass and Forage Crop 
Specialist at the Florida Agricultural Experiment Station. 

A. E. McClymonds, formerly Extension Agronomist of the Color- 
ado Agricultural College, has been appointed Superintendent of the 
substation farm at Aberdeen, Idaho. 

According to a recent note in Science, Sir David Prain will soon 
retire from the directorship of the Royal Botanic Gardens at Kew, 
England. Many agronomists have been intensely interested in the 
researches at the Kew Gardens and will be glad to learn that the 
directorship is to be filled by Dr. A. W. Hill who, as assistant director 
since 1907, is amply qualified to continue the excellent work which 
is in progress. 

Dr. H. H. Love, of the Department of Plant Breeding of Cornell 
University, during the month of January delivered lectures on the 
importance of the use of biometric methods in the interpretation of 
experimental results, at the Pennsylvania State College and at the 
New York Agricultural Experiment Station at Geneva, 
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INTERTILLAGE OF CROPS AND FORMATION OF NITRATES 

IN SOIL . 1 

T. L. Lyon 2 

Does stirring soil, as is done in the intertillage of corn, increase 
the formation of nitrates? Inasmuch as the land has already been 
plowed either in the spring or previous autumn there has been an 
opportunity for aeration, consequently it becomes a question whether 
the subsequent settling of the soil interferes with the nitrifying process. 
If intertillage does promote the formation of nitrates, it is presumably 
because of the aeration it affords. The published evidence that 
has been accumulated seems to indicate that stirring the soil during 
the growing season does not increase the formation of nitrates. 

This conclusion has been arrived at by direct evidence and pos- 
sibly by indirection. Evidence of the former character was furnished 
by Call and Sewell (i ) 3 and (2) and was based on experiments in 
which certain field plats, kept bare of vegetation, were stirred with 
a com cultivator at intervals thruout the growing season; while 
similar plats were scraped with a hoe to keep down weeds. These 
plats were sampled from time to time and determinations of nitrates 
were made. Such evidence should be conclusive for the soil and 
climatic conditions under which the experiments were performed. 

What may mistakenly be considered evidence is derived from 
field experiments in which plats planted to Indian corn were sub- 
jected to treatments similar to those described above. No determi- 
nations of nitrates were made but the yields of com were measured 
and, in the main, the two treatments produced about the same yields 

1 Contribution from Department of Agronomy, College of Agriculture, Cornell 
University, Ithaca, New York. Received for publication September 12, 1921 

* Professor of Soil Technology . 

1 Reference by number is to 44 Literature cited ”, p. 108. 


97 



98 JOURNAL OF THE AMERICAN SOCIETY OF AGRONOMY. 

of grain. A considerable number of such experiments have been 
conducted and the earlier ones have been carefully reviewed by 
Cates and Cox (3), whose tabulations, when taken as a whole, 
indicate that cultivation is not beneficial to the com crop except 
as it removes weeds, altho some of the experiments do show an 
increased yield of crop as the result of intertillage. Later experi- 
ments by Mosier and Gustafson (4) covering a period of eight 
years resulted in no larger crops of corn where cultivation was fol- 
lowed than where the soil was scraped. * While none of these experi- 
ments are claimed by their authors or reviewers tp mean that stir- 
ring the soil does not sometimes increase the formation of nitrates 
there is the probability that such a conclusion may be drawn, as 
an impression obtains in some quarters that increased formation 
of nitrates in a soil is always accompanied by increased crop growth. 
The subject is one that might well receive further investigation under 
conditions other than those that surrounded the experiments that 
have furnished the direct evidence cited above. 

The reasons why further investigations are desirable may be 
briefly stated. The experiments by Call and Sewell were conducted 
in the Missouri river valley where nitrification is usually abundant 
owing to a large supply of nitrogen and a soil readily permeable by 
air because of its mechanical composition and its low moisture con- 
tent. Under such conditions nitrate formation may be expected to 
proceed more rapidly in unstirred soil than it would in a heavier 
soil in a region of more copious and frequent rainfall and less active 
evaporation. 

In any consideration of this subject it would seem to be desirable 
not to base conclusions on crop yields or on the nitrate content of 
soils on which crops are growing. It may be objected that crop 
yields are the ultimate consideration. But this does not explain 
the nitrate problem, which must be separated from the practical 
matter of crop yields. It should be remembere'd that crop produc- 
tion is not necessarily a measure of the quantity of available nitrogen 
in a soil. 

EXPERIMENTS AT CORNELL AGRICULTURAL EXPERIMENT 

STATION. 

Some experiments which were conducted at the Cornell Agri- 
cultural Experiment Station in 1911 and 1912 may add something 
to the available information on this subject; altho the effect of inter- 
tillage on nitrate formation was not a primary consideration in 
the investigation. 



LYON: INTERTILLAGE AND NITRATE FORMATION. 


99 


SOIL USED IN THE EXPERIMENTS. 

The soil of the field in which the experiments were performed has 
been classified as Dunkirk silty clay loam. Its mechanical 
composition is as follows : 


Table i. — Mechanical composition of soil used in the experiments. 


Kind of soil. 


First 

foot 

('per cent). 


Fine gravel 0.40 

Coarse sand 0.63 

Medium sand 0.83 

Fine sand 1.85 

Very fine sand 12.90 

Silt 60.83 

Clay.. 22.63 


The soil is a little too heavy for the best growth of corn; but fol- 
lowing a dressing of farm manure, or a hay crop, rather good yields 
of corn may be obtained, sixty bushels to the acre being not uncom- 
mon. 

The plats of land on which the experiments were conducted were 
one-hundredth acre in size, being 43.6 feet long and 10 feet wide with 
an intervening space of two feet. All plats were planted to corn, 
but a space t 6 feet long and the full width of the plat was left 
unplanted midway between the ends. Each unplanted section 
received the same tillage or alternative treatment as did the planted 
portion of the plat. The three treatments to be discussed in this 
paper were (1) mulching with straw, (2) scraping off the weeds with 
a hoe, (3) cultivating thruout the entire growing season. The three 
treatments were on contiguous plats. Each treatment was repeated 
on four widely separated plats and the crop yields and moisture and 
nitrate contents of the soil here recorded are, in each case, averages 
of the four plats receiving the same treatment. 

A diagram showing the distribution of the hills of com on the 
plats, the space between the plats and the unplanted section of each 
plat is given below. 


X X X x 
X X X X 
X X X X 


X X X X 
X X X X 
X X X x 


Fig. i. — Diagram, showing planting plan of plats. 
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It will be noticed that there are three rows of hills on each plat. 
The variety of corn used was “ Pride of the North ” that had been 
grown on the same farm for many years. Five kernels were planted 
in each hill and later thinned to three stalks to a hill. Planting was 
done on May 20 in 1911 and May 22 in 1912. The straw mulch 
was spread on June 14 in 1911 and June 22 in 1912, at which time the 
com plants were several inches high. No weeds grew on the mulched 
plats. The scraped plats were kept serupuously free from vegeta- 
tion and the soil was stirred as little as possible. The cultivated 
plats were stirred to a depth of about two to three inches with a 
cultivator. Cultivations were given on the following dates: 


191 1 

1 9 .1 2 

June 16 

June 20 

June 26 

June 2 5 

July 8 

June 29 

July 27 

July 7 

Aug. 21 

July 20 

Sept. 2 

July 25 
Aug. 16 


METHODS OF SAMPLING AND ANALYZING THE SOIL.' 

Samples of soil for moisture and nitrate determinations were taken 
with a one and one-half inch auger. Nine borings were made on 
each plat; which would be at the rate of one boring to each 48.5 
square feet. Of these, six borings were made on the planted portions 
of the plat and three on the unplanted section. A composite was 
made of all the borings from the planted sections and another of 
the borings ‘from the unplanted section. 

Determinations of moisture were made by drying 100 grams of 
soil to constant weight at the temperature of boiling water. Nitrates 
were determined by extracting the soil with five parts of water, 
"filtering thru a Pasteur-Chamberland filter, and using the phenol- 
disulphonic acid method for the remainder of the process. 

In 1911, the soil was sampled to two depths, i.e., the surface 
eight inches and the underlying eight inches. Results indicated 
that it was the surface eight inches within which nitrates were 
largely produced and that the nitrate content of the lower depth 
corresponded to the upper, but in much smaller amounts. As it 
was expected to obtain only relative results, the second depth was 
omitted in 1912, but the surface borings were made to a depth of 
ten inches. In stating results of analysis made in 1911, the surface 
borings are used and the average of the first and second eight inch 
borings are alsq recorded. 
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NITRATES IN BARE SOIL. 

The object in maintaining an unplanted section of each plat was to 
provide an opportunity to measure the effect of the several treatments 
on the nitrate and moisture content of the soil unsubjected to the 
influence of a crop. It will be seen in the diagrams that follow that, 
whereas there are marked differences in the nitrate content of the bare 
plats when cultivated and scraped, there are no consistent differences 
in the soil of the planted plats. For this reason the unplanted sec- 
tions of the plats are used to measure the effect of the treatments 
on the formation of nitrates and on the conservation of moisture. 



Fig. 2. Diagram showing nitrates in surface eight inches of unplanted soil in 1911. 


In Figure 2 4 are graphed the nitrate determinations for each of 
the samples taken from the surface eight inches at various times 
during the summer of 1911. In Figure 3, the same data are recorded 
for the average of the first and second eight inches. In Figure 4, 
these data are shown for the surface ten inches in 1912. 

The graphs referred to show in each case a marked difference 
in the effect of the three treatments on the nitrate content of the 
soil. Cultivation has perceptibly increased the formation of nitrates 
as compared with scraping. The nitrate content under the mulch is 
considerably less than under either of the other treatments. In 1911 
this does not occur until after the mulch was applied; but in 1912 
there was no strong recovery of the nitrifying process in the spring, 

4 The figures on which the graphs in this paper are based will be found in the 
appendix at the end of the paper. 
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(MOISTURE IN SOIL. 

The higher nitrate content of the cultivated plats would appear 
to be due to aeration of the soil rather than to any difference in the 




Fig. 4. Diagram showing nitrates in surface ten inches of implanted soil in 1912. 

moisture content. A graphical representation of the moisture con- 
tent of the bare soil in these plats will be found in Figures 5 and 6. 
These show that the moisture runs higher in the mulched soil during 
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both years, but that there is practically no difference between the 
cultivated and the scraped plats during either year. The difference 
in nitrate content between the latter treatments can not therefore 



Fig. 5. Diagram showing moisture content of unplantcd soil in 1911. 



Fig. 6. Diagram showing moisture content of unplanted soil in 1912. 

be attributed to the moisture content altho it is possible that the low 
nitrate content of the mulched plats may possibly be due in part 
at least to the high percentage of moisture they contained. 
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YIELDS OF CORN. 

The com was harvested at maturity and the weights recorded. 
In 1911 determinations of nitrogen in the crops were made. The 
results are stated in Table 1. 

Table i. — Crop yields and total nitrogen. 

Yields on Nitrogen 
plats, pounds. in crop. 


Plat numbers. 

Soil 

treatment. 

191 1. 

1912. 

grams. 

1911. 

2203, 2211, 2403, 2411 

Cultivated 

159 

126 

54i 

2202, 2210, 2402, 2410 

Scraped 

118 

116 

392 

2201, 2209, 2401, 2409 

M ulchcd 

MS 

154 

494 


The larger yields on the cultivated than on the scraped plats 
may or may not have been due to the higher nitrate content. The 
plats were not supplied with abundance of other available plant 
nutrients and there is no assurance that nitrogen was the limiting 
factor. In fact it was apparently not the limiting factor on the 
mulched plats, which, while they were always lower in nitrates 
than the scraped plats, gave larger yields in both years than did 
the latter. This is a very good illustration of the fact that the 
productivity of a soil is not always proportional to its facility for 
nitrate production. 

NITRATE CONTENT OF PLANTED SOIL. 

In Figure 7 and 8 are graphed the nitrate contents of the planted 
sections of the scraped and cultivated plats during the summers 
of 19 1 1 and 1912. Unlike the bare soil the planted soil shows no 
consistent difference in nitrate content between the scraped and cul- 
tivated plats. Any increase in formation of nitrates resulting from 
cultivation has been obliterated by the growth of com. This shows 
that the nitrate content of a planted soil is not a reliable indication 
of the rate of the nitrifying process in that soil. The absorption 
of nitrogen by the plants and other influences that the growing 
plants exert on the transformations of nitrogen make this method 
unreliable for distinguishing between scraping and stirring in their 
effect on formation of nitrates in soil. 

EFFECT OF AERATION ON THE SOIL USED IN THE EXPERIMENT. 

The fact must not be lost sight of that aeration increases nitrate 
formation in many, if not most, soils. It is possible that there are 
some soils so readily permeable to air that further aeration does 
not promote the nitrifying process. It is likely that a compact 
soil is more benefited by aeration than is a loose one. The soil 
on which these experiments were conducted responded to aeration 
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Fig. 7. Diagram showing nitrate consent of cultivated and scraped, planted 
soils in 1911. 



Fig. 8. Diagram showing nitrate content of cultivated and scraped, planted 
soils in 1912. 

with increased nitrate formation. Moreover samples taken from 
more and less compact places in the field gave greater response 
from the more compact soil, as shown by the following experiments. 

Samples were taken by driving into the soil an iron cylinder 
about eight inches in diameter and eight inches long. These samples 
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were transferred to a woven wire basket of about the same size, 
care being taken to effect the transfer without disturbing any more 
. than was possible the cylinder of soil. The wire basket was then 
sealed on the sides and bottom with paraffin. Other baskets of the 
same size were filled with soil samples removed from the field to 
the same depth; but which were broken up so as to allow them 
to become aerated but not dried. This was done on Oct. 15. The 
soil stood in the greenhouse without being planted, but being main- 
tained at a moisture content of 25 per cent of the dry weight of 
the soil. Nitrates were determined on’ November 7 and on January 
5 following. 

At the time that the soil samples were taken for the tests just 
described, estimations were made of the volume weight and porosity 
of the soil as it lay in the field. An iron cylinder eight inches 
in diameter and eight inches long was driven into the ground. 
The column of soil with the cylinder, was removed by digging the 
soil from around it and detaching the column from the lower soil 
by inserting a spade under the cylinder. The top and bottom 
of the soil column were then trimmed flush with the ends of the 
cylinders. The weight of the column of soil was thus 'obtained, 
and the percentage of moisture was determined in order to obtain 
the weight of dry soil. The interstitial space was calculated from 
these data. 

The figures for pore space and for nitrates of both the more 
compact and less compact places in the field are given in table 2. 


Table 2 . — Pore space in more and less compact soil and nitrates in the same soil 

aerated and unaerated. 


Nitrates. 



Pore space 
per cent 
dry soil. 

375 

ppm. dry soil 

Soil. 

More compact soil, unaerated 

More compact soil, aerated 

Nov. 7. 
4-2 

15.4 

4.2 

17.6 

Jan. 5. 
trace 
28.9 

Less compact soil, unaerated 

Less compact soil, aerated 

....... 42.1 

9*7 

26.0 


Aeration evidently facilitated the formation of nitrates in both 
of these soils. The more compact soil when not aerated lost nitrates, 
while the less compact soil gained under the same conditions. When 
aerated, both soils made distinct increases in nitrate content. 


YIELDS FOR FOUR YEARS ON SCRAPED AND CULTIVATED PLATS. 

During two years prior to those mentioned above, tests were made 
of yields of com on plats that were scraped and those that were 
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cultivated all season. The tests in 1907 were on a rather light 
sandy soil, those for 1908, 19 11 and 1912, were on the soil already 
described. The relative yields for each year are shown in table 3. 

Table 3. — Relative yields of corn on cultivated and scraped plats when the former 
are taken as one hundred . 

Relative yields by years. 

Treatments. 1907. 1908. 19m T9 12 - 

Cultivated 100 100 100 100 

Scraped 96 89 74 92 


In all cases the advantage in yield was with the cultivated plats. 
Whether this was due to an increased supply of nitrates or moisture 
or to some other cause does not appear. It illustrates, however, 
the result that has been obtained on a fairly heavy soil in a humid 
region having less evaporation than does the Mississippi valley. 

SUMMARY. 

Attention is called to the desirability of conducting experiments 
on fairly heavy soil of the North Eastern States to ascertain whether 
stirring with a cultivator under such conditions increases the for- 
mation of nitrates; investigations in the Middle West having indi- 
cated that stirring does not increase such action. 

Experiments during two years on a silty clay loam soil at Ithaca, 
N. Y. to ascertain the effect of cultivating, scraping, and mulching 
with straw, respectively, on the nitrate content of unplanted soil and 
on the yields of corn are recorded. 

Nitrates were highest during both years in the cultivated plats, 
next in the scraped, and lowest in the mulched. Determinations 
of moisture in these plats indicated that the higher nitrate content 
of the cultivated plats was not due to moisture; as that constituent 
was practically the same in the cultivated and scraped soil. The 
mulched plats had the highest moisture content. 

Yields of corn were greater on the mulched than on the scraped 
plats; but this could not be attributed to the larger supply of nitrate 
nitrogen as the mulched plats also yielded more than the scraped 
altho the nitrates were much lower on the mulched plats. This 
is an illustration of the fact that the productivity of a soil is not 
always proportional to its facility for nitrate production. 

The evidence here presented is in favor of the assumption that 
the nitrate content of the cultivated plats is higher than that of the 
scraped plats because of the aeration production by stirring with 
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the cultivator. Cylinders of soil taken from the field without 
disturbing the soil structure nitrified only slightly on standing at 
a moisture content and temperature favorable to the formation 
of nitrates, while similar soil that had been aerated gave a larger 
increase in nitrates. Under similar conditions a cylinder of soil 
from a more compact part of the field nitrified less than did one 
from a less compact section. 
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APPENDIX 

Table i. — Moisture and nitrates in surface eight inches of uncropped soil during 

1071. 


Moisture; Nitrates (NO 3 ) 

per cent in dry soil ppm. in dry soil 


Dates 

of 

sampling 

Mulched. 

Scraped. 

Culti- 

vated. 

Mulched. 

Scraped. 

Culti- 

vated. 

Apr. 19 

34-1 

33-6 

31.4 

27.2 

23-3 

21.8 

June 16 

25.6 

25.2 

24.2 

54-0 

48.8 

59-7 

July 10 

23.8 

16.6 

26.6 

78.8 

529 

138-7 

Aug. 4. . . . 

23-4 

21.4 

20.3 

64.2 

112.0 

192.2 

Aug. 16 

28.5 

21.8 

20.8 

46.5 

Hi -5 

174-5 

Aug. 31 

22.2 

25-3 

23.6 

13-7 

135-2 

168.5 

Sept. 20. . . . 

28.8 

23.8 

253 

31.6 

1765 

224.0 

Oct. 9 

28.7 

27.9 

26.6 

18.2 

198.7 

209.7 


Table 2. — Moisture and nitrates , average in upper sixteen inches of uncropped 

soil during 1911. 


Moisture; Nitrates (NO 3 ) 

per cent in dry soil. ppm. in dry soil. 


Dates 

of 

sampling. 

Mulched. 

Scraped. 

Culti- 

vated. 

Mulched. 

Scraped. 

Culti- 

vated. 

Apr. 19 

30-3 

29.6 

29.9 

23.1 

18.9 

22.9 

June 16 

23-5 

23.6 

22.3 

399 

34-6 

42.8 

July 10 

21.8 

16.8 

23.7 

55-8 

46.8 

88.5 

Aug. 4 

22.1 

19.6 

19. 1 

46.7 

66.3 

112.8 

Aug. 16 

259 

20.2 

195 

40.3 

84.1 

104.9 

Aug. 31.... 

20.5 

23.2 

22.0 

20.4 

796 

102. 1 

Sept. 20 

25.8 

22.0 

23.0 

40.8 

no. 1 

147.7 

Oct. 9 

26. 1 

25.8 

24.2 

20.5 

120.3 

127.2 
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Table 3. — Moisture and nitrates in surface ten inches of uncropped soil during 

JQ12. 

Moisture; Nitrates (NO*) 

per cent in dry soil. ppm. in dry soil. 

Dates * ' ' * 

of Culti- Culti- 


sampling. 

Mulched. 

Scrapped. 

vated 

Mulched. 

Scraped. 

vated. 

Apr. 

27... . 

23 9 

26.9 

26 . 6 

22.6 

67.7 

64.9 

June 

10 

22.4 

20. 1 

20.7 

43-1 

f> 7- 3 

69.0 

June 

17... . 

20.4 

192 

19.6 

28.5 

64.8 

523 

June 

24... . 

20.3 

18.8 

19.2 

38.5 

53 ■« 

60.4 

Tilly 

1 . . . . 

21.5 

18.3 

195 

3 2-2 

534 

64.2 

‘July 

8 

20.8 

172 

18.9 

39 2 

52.7 

80. 1 

July 

15 - .. 

20 0 

17. 1 

199 

42.4 

74 I 

75-9 

July 

22 

21 .2 

19.2 

19 4 

55-9 

85.2 

89.9 

July 

29 .. • 

22 . 3 

18.6 

21.5 

643 

103. 1 

1 13.4 

Aug. 

5 .... 

26.4 

21 .9 

23.6 

53*4 

79 2 

100.7 

Aug. 

12 

25 . 5 

23-4 

24.1 

5 i 9 

99.8 

1253 

Aug. 

19... . 

26 . 3 

21.3 

24-7 

55.0 

89.0 

107.5 

Aug. 

26... . 

26.3 

25.9 

18.9 

76.3 

92.9 

123.2 

Sept. 

3... . 

233 

24.0 

24-5 

52.4 

47.0 

1 19. 1 

Sept. 

9.... 

26.4 

23 9 

234 

28.6 

55-2 

74-4 

Sept. 

16 

27 (> 

25- 1 

24.4 

24.8 

57 1 

69. 1 

Sept. 

26.... 

26 . 8 

25.2 

25 .0 

33-9 

68.9 

68.4 

Oct. 

1 . . . . 

26.9 

25.6 

26.7 

32.2 

1043 

72.2 

Oct. 

7.... 

27.0 

24-4 

23.9 

29 7 

70.4 

64. 1 

Oct. 

18... . 

24.8 

22.9 

22.8 

36.0 

795 

72 9 


Table 4. — Nitrates in soil planted to corn during the years 1911 and 1912. 


I 38 »t cs 

191 1 

Nitrates (NO 3 ) 
ppm in dry soil. 


1912 

Nitrates (NO 3 ) 
ppm. in dry soil. 

of 


Culti-' 

Dates of 


Culti- 

sampling. 

Scraped . 

Vated. 

sampling. 

Scraped. 

vated. 

Apr. 19 

32 • 5 

28.6 

Apr. 27 

34-1 

29.7 

June 16 

49 7 

63.1 

June 10 

42.0 

38.9 

July 10 

41 5 

104.7 

June 17 

304 

35-6 

Aug. 4 

120 7 

T06.7 

June 24 

29-3 

34-4 

Aug. 16 

. 7 6.2 

655 

July 1 

33-3 

41.1 

Aug. 31 

58.5 

44-7 

July 8 

44.8 

41-3 

Sept. 20 

71.5 

35-0 

July 15 

48.2 

57-3 

Oct. 9 

32. 1 

71.0 

July 22 

62.6 

52.2 




July 29 

60.0 

62.1 




Aug. 5 

46.5 

54 1 




Aug. 12 

69.6 

7i 0 




Aug. 19 

54-4 

50.0 




Aug. 26 

62.8 

83.8 




Sept. 3 

38.8 

50.3 




Sept. 9 

47-5 

28.9 




Sept. 16 

38.2 

29.4 




Sept. 26 

26.9 

29 3 




Oct. 1 

26.2 

19. 1 




Oct. 7 

36.5 

29-7 




Oct. 18 

34 4 

26.3 



A SMALL GRAIN NURSERY THRESHER . 1 

O. F. Jensen 2 and M. E. Olson 3 

The thresher herein described was designed to avoid the labor 
of threshing by hand a large number of grain samples from yard 
square of similar areas used in the obtaining of plot yields from 
outlying fertility and crop production experiments. Three men 
using this machine have threshed and cleaned successfully 120 
samples per hour, recording weights ‘of both straw and grain. It is 
designed to be practically self cleaning so that it can be used for 
rod-rows, head rows, or any pure-line and plant breeding work in 
a small grain nursery. The thresher is not claimed to be entirely 
original in design ; but it incorporates a number of desirable features 
observed in the operation of other small threshers. It can be built 
in its entirety by any good mechanic, the only important items to 
be purchased being a one-quarter horse power motor and a combined 
motor-forge blower with rheostat. 

OPERATION. 

The grain, fed through the over-shot cylinder, strikes a baffle 
board, and drops down into the drawer through a current of air 
which cleans the grain. A part of the grain and the chaff is carried 
onto the grain pan where a separation is effected by the air current 
and rapid vibration of the grain pan. All of the grain does not roll 
down into the drawer until the air current is shut off, which completes 
the threshing. The operator in feeding permits only the heads to 
go through the machine. Nevertheless, a few heavy pieces of straw 
will collect in the grain drawer. These are removed by pouring 
the grain through the screen, which has a slight vibratory movement. 

ADJUSTMENTS. 

Cylinder speed can be varied by means of different sized pulleys 
on the motor. The concaves can be raised from the cylinder by 
placing shims under the ends. The volume of the air current is 
controlled or shut off entirely by the rheostat. This adjustment, 
together with that of the angle of incline of the grain pan, makes 
the machine operate equally well for wheat, barley, or oats. 

1 Contribution from the Farm Crops and Soils Section, Iowa Agricultural 
Experiment Station, Ames, Iowa. Received for publication November 12, 1921. 

2 Formerly assistant in crop production. 

3 Formerly superintendent field experiments. 
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CONSTRUCTION. 

The framework is constructed of dressed lumber, two by three 
inches, all joints in the sides mortised and tenoned, and the two 
sides joined by bolts through the five cross members. The cylinder 
is built of maple, mounted on a piece of three-quarter inch steel 
shafting, and then turned on a lathe to a diameter of six inches and 
a length of nine and one-quarter inches. The teeth are constructed 
from two and one-half inch No. 16 wood screws, with the heads 
cut off and tops forged to a rectangular cross section. They are 
screwed into the cylinder in diagonal rows rather than straight 
across the surface of the cylinder to insure smoother running. There 
are eight rows of seven teeth each. The cylinder runs in saw mandrel 
bearings bolted on the frame and the shafting has a five inch wood 
pulley grooved for round belting on one end, and a similar two 
inch pulley on the other end. 

The concaves are made of maple, two by three inches, sixteen 
inches long, into which arc screwed teeth similar to the cylinder 
teeth. Both sets of concaves are mortised at the ends to set firmly 
in place, and are bolted to the frame by bolts and wing nuts. 

The baffle board, hinged directly back of the concaves, is 
constructed of one-half inch lumber, as is also the board below the 
feed table in front of the cylinder. The feed table is constructed 
of matched flooring. 

The forge blower and motor is mounted so as to direct a stream 
of air horizontally directly over the drawer which collects the grain, 
and through a sheet metal throat in which are baffle plates to insure 
an even distribution of air over the width of the grain pan. A 
rheostat mounted for convenience on the side of the machine controls 
the volume of air. 

The grain pan, 36$ inches long and four inches deep, is made of 
sheet metal, and is supported ten inches from the upper end by an 
adjustable rod, on which it pivots. The lower end is held down on 
a cam by means of a spring. The cam is simply a two-inch circular 
maple pulley mounted eccentrically on three-quarter-inch shafting 
running in saw mandrel bearings. One end of the shafting has a 
five and one-half-inch wood grooved pulley, belted to the cylinder. 

A frame on top of the machine holds a screen for cleaning the grain. 
One end of the frame is fastened by screws through holes in the top 
edge of the grain pan. 

The one-quarter H. P. motor is mounted on the floor of the 
machine beneath the grain pan, and is connected to. the cylinder 
with round belting. A motor having an R. P. M. of 1,750 with a 




THE PHYSIOLOGICAL VALUE OF SMOOTH-AWNED 

BARLEYS . 1 

H. K. Hayes and A. N. Wilcox . 2 

INTRODUCTION. 

The physiological importance of the awn in barley and wheat has 
been pointed out by various investigators. An appreciation of 
the facts is important to the plant breeder, for under many con- 
ditions it would seem that awned varieties may be expected to yield 
more than awnless. 

The discomfort of handling awned varieties has led the farmer to 
plant awnless sorts when fairly desirable varieties of this type were 
available. This in turn has influenced many breeders to bend 
their energies toward the production of awnless varieties. Whether 
this practice is justifiable depends on the comparative value of 
awned and awnless strains. 

The use of smooth-awned varieties of barley has been suggested 
by Harlan, of the Cereal Investigations office, Bureau of Plant 
Industry, and for several years cooperative breeding studies have 
been carried on at Minnesota and elsewhere with the hope of pro- 
ducing high-yielding, smooth-awned varieties of barley. The pro- 
duction of a new variety by crossing and subsequent .selection is 
now based on Mendalian principles. Before introducing the new 
variety to the farmer, it is necessary to give it a thorough test. No 
smooth-awned strains are yet available for distribution but the 
experimental results so far obtained warrant the belief that smooth- 
awned varieties of high-yielding ability will eventually be produced. 
The evidence at hand is of two sorts: the comparative yield test 
of standard varieties and smooth-awned sorts, and a physiological 
comparison of several smooth-awned strains and certain standard 
varieties. Before presenting the. experimental results, a brief 
review of earlier studies will be made. 

STUDIES SHOWING THE PHYSIOLOGICAL IMPORTANCE OF THE AWN OF WHEAT 

AND BARLEY. 

Zoebl and Mikosch (9) 3 compared the transpiratioit of awned 
spikes and of spikes with the awns removed for 2 -rowed and 6-rowed 

1 Published with the approval of the Director as paper No. 289, Journal Series 
of the Minnesota Agricultural Experiment Station, St. Paul, Minn. Received 
for publication, November 25, 1921. 

2 Head of Section of Plant Breeding, Division of Agronomy and Farm Manage- 
ment and Assistant in Plant Breeding, respectively. 

•Reference by number is to “Literature Cited” p. 118. 
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barleys and found that normal spikes gave off four to five times 
more water than spikes with the awns removed. Transpiration 
was the greatest at the time of carbohydrate formation in the seed 
Schmid (8) pointed out the relation between complete development 
of large seeds and the presence of the awn. He mentioned also 
the protective value of the awn. 

Perlitius (7) made a careful study of the value of the awn for 
winter and spring wheat and for barley. Transpiration in spikes 
of awnless wheats was about the same ^,s in spikes of awned wheat 
in which the awns had been removed. Removing the awns reduced 
transpiration by nearly 40 per cent in wheat and about 75 per cent 
in barley. The awn was shown to have an important relation on 
the volume and weight of the seed; the removal of the awn causing 
a reduction in average weight of seed of about 10 per cent. 

More recently, Harlan and Anthony (4) have presented detailed 
results which prove very conclusively that the barley awn is an 
important physiological organ. They compared the daily develop- 
ment of kernels of clipped spikes (awns removed) with normal spikes. 
The found “about one week after flowering that the deposit of dry 
matter in the kernels of normal spikes begins to exceed that in the 
kernels in clipped spikes. M The difference was increased progress- 
ively until maturity. They likewise found that at maturity the awns 
in normal spikes contained more than 30 per cent ash. When the 
awns were removed, a part of this ash was deposited in the rachis. 
This they believed to be the cause for the tendency of these spikes 
to break. These results may explain why hooded and awnless sorts 
shatter more than awned varieties. 

Grantham (1,2), compared the yield of awnless and awned varieties 
of wheat. He found that the awned varieties averaged considerably 
higher in yield than the awnless and that awned varieties were less 
susceptible to plant diseases, such as scab. Studies carried on at 
the Minnesota station (6) have shown conclusively under the con- 
ditions of the experiment that the awn performed an important 
function. In F 3 to. F 5 generation crosses of Marquis (awnless) 
with Preston (awned) the per cent plumpness of seed, the average 
length of seed per plant in millimeters, and the average yields per 
plant of awned and awnless plants were compared. The awned 
plants excelled in all three particulars. 

Some of the families in F 3 and later generations were heterozygous 
for seed length while others were homozygous. In both the 
heterozygous and homozygous families the awned plants produced 
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an average seed length of about one millimeter greater than that 
of the awnless. 

The use of smooth-awned varieties of barley, as has been suggested 
by Harlan (3), seems a logical means of overcoming the discomforts 
in handling awned barleys. Although smooth-awned varieties have 
been known for many years, Harlan has pointed out that no smooth- 
barley is widely grown commercially. This suggests a possible 
physiological limitation. The purpose of this note is to present some 
data which have a bearing on this question. The results are of two 
sorts: (1) comparative yield tests, and (2) comparative trans- 
piration of smooth-awned and other varieties. 

COMPARATIVE YIELDS TESTS . 4 

In an earlier publication (5), yield tests of smooth-awned barleys 
and of other standard Minnesota varieties were given. Several 
smooth-awned varieties were obtained which, in rod row tests, 
yielded as well as the standard strains of Manchuria. Two high- 
yielding smooth-awned strains were increased and have been tested 
for several years in field plots. In some years they have given high 
yields, but in several tests the yields have been low. This result 
is apparently due to the susceptibility of these new strains to 
H elminthosporium sativum. Accordingly, new crosses were made 
and new strains have been under rod row tests for the last two years. 
These new strains are resistant to H. sativum . as special attention 
was given to this character. As is shown by Table 1, they yield 
as well as the standard Manchuria variety. 


Table 1. — Comparative yields in replicated rod row tests of smooth-awned barleys 
and standard Manchuria. University Farm. 1920-21. 

Yields in bushels per acre. 


Variety or cross. 

N. S. N. 

1920. 

1921. 

Average. 

Manchuria 

. . . . Minn. 184. . . 

48.4 

31.2 

39 8 

Smooth Awn x Manchuria 

... 1 1-20-7 

4 1.7 

31 1 

36.4 

Smooth Awn x Manchuria 

1 1—20—8 

45-8 

33 2 

39 5 

Smooth Awn x Luth 

. . . II-20-9 

55 • 5 

33 • 2 

44 4 

Smooth Awn x Luth 

. . . II--20-10. . . . 

58.2 

3 2 -4 

45 3 

Arequipa x Smooth Awn 

. . . II-20-14. . . . 

44 5 

35-4 

40.0 


COMPARATIVE TRANSPIRATION OF HEADS OF SMOOTH-AWNED 
AND OTHER BARLEYS. 

Culms of the varieties to be used were collected in the field by 
cutting them as near the base as possible. They were placed in a 

4 Barley breeding is in cooperation with the Office of Cereal Investigations. 
The original crosses were made and the F 1 gene -at ions grown by Dr. Harlan of 
this office. Subsequent breeding studies have been carried on at the Minnesota 
station. 
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pail of boiled water and were then cut beneath the surface of the' 
water at a point separated from the first cut by at least two nodes. 
Care was taken to use heads in which the seeds were at about the 
same stage (late milk) of development. After bringing this material 
to the laboratory, the stems were again cut under water, leaving 
about four inches of stem below each head. These stems were 
then inserted into 4-ounce, wide-mouth bottles. The bottles were 
previously prepared by filling with boiled water and by stretching 
across the mouth of each and fastening with a rubber band, a three- 
inch square piece of dental rubber dam which was punched with 
eleven fine holes, ten of which were for the barley stems and the 
other to carry a fine glass tube which was to serve for admitting 
air to take the place of the transpired water. Each of the bottles 
in turn was then immersed in water in the pail which contained the 
barley stems, so that they could be inserted through the holes' in 
the rubber without admitting air to the stems. After the stems 
were inserted the rubber dam was loosened so that it contracted 
about the stems, holding them tightly and preventing evaporation 
of water from the bottle. The rubber was then held in place by a 
rubber band around the neck of the bottle. 

Table 2. — Comparative transpiration of smooth-awned, rough-awneft , rough-awned 
with the awns removed, hooded , and awnless barleys. 

Transpira- 
tion by 

10 heads Period Average 
(single of length 
deter- trans- of 
mination) piration awn 


Variety. Type. in grams, hours. cm. 

Manchuria (check) ... . 6- rowed, awns rough 58.9 57-35 9 . $ 

Manchuria (check) £ 

awns clipped 6-rowed, awns rough. .. . 44.8 57-45 10.5 

Manchuria (check) all 

awns clipped 24.5 58.15 

Manchuria I-i 5-2 6-rowed, awns rough .... 76 .1 58.40 12.0 

Minsturdi 6-rowed, awns rough 58.7 58.35 9.5 

Arequipa 6-rowed, awns rough. .. . 48.0 59 25 14.0 

Trebi 6-rowed, awns rough. ... 58.4 58.55 13.5 

Meloy 6-rowed, hooded 28.4 59.20 

Arlington awnless Intermedium, awnless ... 19.3 39.20 

II— 20-9 Smooth Awn x 

Luth 6-rowed, awns smooth. . . 55.6 57-45 io. o 

II-20-8 Smooth Awn 

x Manchuria 6-rowed awns smooth ... 65.2 59.00 9.5 

n-20^14 Arequipa x 

Smooth Awn 6-rowed, awns smooth. . . 63.8 59.00 12.0 

II-20-10 Smooth Awn 

x Luth 6-rowed, awns smooth. . . 60.6 59 . 05 10 . o 

II-20-7 Smooth Awn x 

Manchuria 6-rowed, awns smooth. . . 55.1 58.45 9.0 
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The bottles with heads inserted were placed near a window in the 
laboratory, the amount of water transpired being determined by 
weighing the bottles from time to time. The period of transpiration 
is not exactly the same for all varieties as they were moved about 
from time to time on the table and then weighed at random. The 
slight variations are not, however, of great importance. 

The transpiration results (see Table 2) are of like nature to those 
previously reported by other investigators. 

Meloy hooded, Arlington, awnless, and clipped heads of Manchuria 
gave off a total of 28.4, 19.3 and 24.5 grams of water respectively, 
while normal Manchuria gave off 58.9 grams (see Table 2). The 
five smooth-awned strains gave off from 55.1 to 65.2 grams and 
averaged 60.1 grams. 

Table 3. — Comparative transpiration of smooth-awned barleys, of rough-awned , 
and of rough-awned with the awns removed. 


Transpiration by 10 heads, 

in grams. Period of Average 

> transpira- length 

Variety. Test A. Test B. Test C. Average. tion. of awns. 

Manchtiria (cheek ) . . . . 83 2 74.2 81.2 79 5 47 . 05 9.5 

Manchuria (check) 

clipped 28.7 25.3 25.3 26.4 46.45 

11 - 20-8 Smooth Awn x 

Manchuria 67.1 72.8 69.7 69.9 46.45 8.5 

II-20-9 Smooth Awn x 

Luth 62.7 59.0 74.0 65.2 46.55 10. o 

II-20-10 Smooth Awn x 

Luth 82.1 80.0 79.9 80.7 46.55 90 


A second experiment was made in which Manchuria and three 
smooth-awned strains were used, each experiment being run in 
triplicate. Two of the smooth-awned strains gave off somewhat 
less water than Manchuria, while one strain gave off a slight 
percentage more. (See Table 3.) 

SUMMARY. 

The awn of barley and wheat is an important physiological organ. 
Under various conditions it has been shown that awned varieties 
give higher yields than awnless. These results should be considered 
by plant breeders and farmers before deciding to grow only awnless 
varieties. 

The use of smooth-awned strains of barley will, in a large measure, 
overcome the unpleasant features of handling rough-awned varieties. 
Comparative yield tests and comparative studies in transpiration 
of heads of smooth- and rough-awned varieties indicate that smooth- 
awned barleys have no physiological limitations when compared 
with standard rough-awned varieties. 
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THE EFFECT OF NITRATES APPLIED AT DIFFERENT 
STAGES OF GROWTH ON THE YIELD, COMPOSITION, 
AND QUALITY OF WHEAT . 1 

Jehiel Davidson. 2 

INTRODUCTION. 

An experiment on the effect of sodium nitrate, applied at different 
stages of growth, on the yield, composition, and quality of wheat, 
previously conducted by this laboratory (i) 3 , showed that when 
applied during the early part of the vegetative period sodium nitrate 
increased the yield of the crop, when applied at the time of heading 
it improved the quality of the grain, and when applied at the 
beginning of the milk stage it had no effect on the yield or quality 
of the crop. 

In the experiment reported in this paper, the vegetative stage 
was subdivided into three periods. Each of three corresponding 
sets of plots received an application of nitrates at one of these periods. 

1 Contribution from the Plant Chemical Laboratory, Bureau of Chemistry, 
U. S. Department of Agriculture, Washington, D. C. Received for publication, 
December 2, 1921. 

* Soil Chemist. 

* Reference by number is to “ Literature cited,” p. 122. 
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The object of the experiment was to determine whether the effective- 
ness of the nitrates in increasing the yield of the crop disappears 
sharply when applied at a certain critical stage of development or 
disappears gradually when applied as the season advances toward 
the completion of the vegetative stage. 

The experiment was carried out in the year 1919, at College Park, 
Maryland. 4 

PLAN OF THE EXPERIMENT. 

For certain reasons, which need not be discussed here, it was 
considered desirable to compare the effects of sodium nitrate with 
those of calcium nitrate. To determine the effects of the bases 
(sodium and calcium), additional plots were treated with sodium 
nitrate and calcium sulphate and calcium nitrate and sodium sul- 
phate. For the sake of further control, plots which received calcium 
sulphate and sodium sulphate alone were added. The experiment 
was carried out in duplicate. Samples taken in the remainder of 
the field by the small plot harvester (2) served as controls. Owing 
to the general lack of uniformity in the field, however, it is best to 
regard the twenty-four plots which received nitrates as separate 
sets of three plots corresponding to the three subdivisions and com- 
pare the plots with one another in every set. The plots, which were 
one square rod, with two-foot alleys between them, were laid out 
after the crop was up. 


Diagram i . — Description 

No. Per- 

plot Fertilizer iod 
1 Sodium nitrate ... 1 


3 3 

4 Calcium nitrate . . 1 

5 u 2 

6 “ 3 

7 Sodium nitrate + 1 
calcium sulphate 

8 “ 2 

9 " 3 

10 Calcium nitrate -f- 1 

sodium sulphate 

11 u 2 

12 “ 3 


of plot treatments and the 
laid out. 

No. Per- 

plot Fertilizer iod 

1 3 Calcium nitrate + 1 

sodium sulphate 

14 a 2 

15 a 3 

16 Sodium nitrate -f 1 

calcium sulphate 

17 « 2 


18 


23 

24 


3 


19 Calcium nitrate. . 1 

20 “ 2 

21 “ 3 

22 Sodium nitrate. . . 1 


order in which they were 

No. Per 

plot Fertilizer iod 

25 Calcium sulphate . 1 

26 u 2 

27 “ 3 

28 Sodium sulphate. . 1 

29 u 2 

30 a 3 

31 Calcium sulphate. 1 

32 * 2 

33 “ 3 

34 Sodium sulphate . 1 


35 

36 


The plots were laid out in the order shown in Diagram 1. The 
soil was a Susquehanna loam. The seed was a China red soft winter 

1 Occasion is here taken to acknowledge the assistance of Director Paterson 
and Professor J. E. Metzger of the Maryland Experiment Station. 
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wheat. The date of application of the fertilizers for the plots of 
the first period was April n, for those of the second period, April 
24, and for those of the third period, May 14. The chemicals were 
applied at the rate of 320 pounds an acre — 2 pounds to each plot. 

YIELD OF CROPS. 

Photographs showing the difference in the stands on the plots 
receiving three different applications were taken when the wheat 
was fully headed. The weights of the entire crops were taken 
immediately after harvesting and again before threshing. While 
there was an appreciable loss of weight between the two weighings, 
the same general tendency was apparent in each case. The figures 
in Table I are the results of the last weighings. The weights of 
the grain were taken immediately after threshing. 


Table i. — Yields and percentage of grain . 


Treatment. 

Period 

Weight of crop. 

Weight of grain. 

Percentage of grain. 

TSt 

series 

2nd 

series. 

Aver- 

age. 

I St 

series. 

2nd 
series . 

Aver- 

age. 

I St 

series. 

2nd 

series. 

Aver- 

age. 



Lbs . 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Lbs. 

Per- 

Per- 

Per- 









cent. 

cent. 

cent. 

Sodium nitrate 

1 

37 

39 

38.0 

10.6 

OS 

10.05 

28.7 

24 3 

26.5 


2 

34 

25 

29.5 

95 

6.4 

7 95 ! 

27^9 

25 5 

26.7 


3 

24 

16 

20.0 

8.2 

4-7 

6.4s 

34 1 

28.5 

31 3 

Calcium nitrate 

T 

39 

37 

38.0 

1 1. 6 

95 

10.55 

29.8 

257 

27-7 


2 

36 

30 

33.0 

10.2 

90 

9.60 

28.5 

30.0 

29. 2 


3 

32 

25 

28.5 

9 . 1 

7.5 

8.30 

28.3 

30.0 

29. 1 

Sodium nitrate and 

1 

40 

30 

35 0 

97 

8.4 

905 

! 24.2 f 

28.1 

26. r 

calcium sulphate . . . 

2 

30 

24 

27 0 

8.0 

6.4 

7.20 

20.7 

26.5 

26.6 


3 

21 

20 

20. 1 

6.9 , 

6.2 

6.55 

32.7 

31 3 

32.0 

Calcium nitrate and 

1 

40 

40 

40.0 

10. 1 

JO. 6 

10.35 

26.5 

26.4 

26.4 

sodium sulphate. 

2 

30 

31 

30.5 

72 

8.1 

76 s 

240 

26.6 

253 


3 

16 

24 

20.0 

5-8 

7.2 ; 

6.50 

36.3 

30. 2 

| 332 

Calcium sulphate 

l 

23 

13 

18.0 

78 

43 

6.05 

33 9 

I 33 3 

33.6 


2 

21 

IS 

18.0 

6.8 

52 

6.0 

32.1 

34-4 

332 


3 

30 

14 

22.0 

9.6 

4.6 

7 .i 

32.1 

32.8 

32.4 

Sodium sulphate 

I 

18 

13 

15-5 

6.0 

4.7 

535 

34-2 

34 2 

342 


2 

13 

12 

12.5 

47 

4.2 

4-45 i 

375 

375 

375 


3 

17 

8 

12. 5 

55 

2.6 

4 0s j 

32.4 

342 

333 

Control 


17-4 

18.6 

18.0 



I 





Both photographs and weights show strikingly that the effective- 
ness of nitrates in increasing yields gradually decreases as the time 
of application approaches the season of heading of the grain. The 
plots .which received their nitrate application at the first period 
gave the highest yields; the plots which received it at the second 
and third periods followed in regularly diminishing order. This is 
true of the grain as well as of the entire crop. Altogether eight sets 
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of three plots each received nitrates, and in no case was there a 
single exception from the general rule. 

In the majority of cases, the percentage of grain to crop is greater 
on the plots which received the nitrate application at the third period. 

It is impossible to draw any conclusion as to the effect of the sul- 
phates on yield. The yield variations from the plots which received 
sulphates alone do not consistently follow any principle. They 
seem to be caused largely by natural Variations in the field. 

QUALITY AND COMPOSITION OF GRAIN. 

The wheat, being of a soft winter variety, did not exhibit the 
characteristics of typical 44 yellow berry ” or 44 flinty ” grain. Its 
general variation in color from yellow to brown, however, con- 
formed distinctly to the order of the time of application of the 
nitrates. The grain from the plots which received nitrates at the 
third period especially was decidedly more brown than that from 
the plots which received the nitrates at the other two periods. 

Tablf. 2. — Percentage of protein ( nitrogen X 5.7) in grain . 

Protein. 


Treatment. 

Period. 

1st series. 2d series. 

Average. 



Percent. 

Percent. 

Percent . 

Sodium nitrate 

1 

13 13 

12-53 

12.83 


2 

13 92 

12.97 

1344 


3 

15.59 

14-47 

15 03 

Calcium nit rate 

1 

12.47 

12-37 

12.42 


2 

13 07 

13. 10 

1308 


3 

14.44 

14. 68 

14 56 

Sodium nitrate and calcium sulphate . 

1 

13.04 

12.22 

1263 


2 

13-54 

12.82 

13-23 


3 

15.00 

14.12 

14 56 

Calcium nitrate and sodium sulphate . 

1 

12.75 

12.33 

12.64 


2 

12.93 

13 95 

13 44 


3 

14. 1 1 

14.91 

14-51 

Calcium sulphate 

1 

1132 

11.27 

11.29 


2 

11.38 

11 . 17 

II .27 


3 

11.90 

10.82 

11.56 

Sodium sulphate . . 

1 

11.14 

11.25 

11.19 


2 

11. 18 

11.12 

H IS 


3 

11.26 

10.92 

II.OQ 

Control 

- . 

11.90 



' 

Without an exception the protein content (N 

x 5.7) increased 


regularly as the crops at the time of application advanced toward 
heading (see Table 2). While the grain on the plots which received 
their application at the second period showed consistently higher 
nitrogen contents than that on the plots which received it at the 
first, the differences are not considerable. The grain on the plots 
which received their application at the third period, which was 
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close to the time of heading, and which gave the lowest yields, showed 
appreciably increased nitrogen contents, It will be noted that the 
protein content of the grain on the plots which received their appli- 
cation at the first period was higher than that of the grain from the 
control and sulphate plots. The grain on the sulphate plots had a 
lower protein content than that on the control plot. Unfortunately 
the analysis of only one control sample is available. The figures 
from the sulphate plots, taken by themselves, however, seem to 
indicate a depressed nitrogen content. 

The ash and phosphoric acid contents of the grain were also 
determined. As the results exhibit no consistent tendencies, they 
are not given here. 

SUMMARY. 

The period between the resumption of growth of wheat in the 
spring and the time of heading was divided into three sub-periods. 
Each of three corresponding sets of plots received nitrates at one 
of these sub-periods. The results thus obtained show that: 

1. The effectiveness of nitrates in increasing yields decreases 
consistently as the time of their application approaches the stage 
of heading. 

2. The effectiveness of nitrates in increasing the protein content 
(N x 5.7) of the grain increases as their effectiveness in increasing 
the yield decreases. 
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A PLEA FOR EXPERIMENTAL WORK IN CROPS TEACHING . 1 

S. B. Haskell . 2 

My interest in this subject dates back to the time when, as an 
instructor in an agricultural college, I vainly attempted to place 
crop teaching on a sound pedagogical basis. In time, I passed on 
to my successor this problem, still unsolved. Later on, as oppor- 
tunity came, I made random observations on crop teaching as done 
at some twenty-six of the agricultural colleges. I talked with 
instructors, I talked with the students, I studied catalogs. I com- 
pared crop courses with soil fertility courses, likewise with courses 
in what is called fundamental science. Opportunity has never come 
to make such a study of the subject as is warranted by its import- 
ance. My conclusions, however, frankly based upon the above- 
mentioned more or less random observations, are as follows: 

1. Crop credits are generally recognized by students as being cheap 
credits. The amount of time required outside of class is relatively 
low; the intensity of attention in the class is seldom high. 

2. The mental training value of crop courses is open to question. 
They certainly do not compare favorably in mental training values 
with courses in science. 

3. Observation training values are fair, although oftentimes not 
correlated with mental training. 

4. The work required, at those places where the credit hour in 
crops has a real significance, is largely routine in its nature. 

5. Crop courses as taught are oftentimes not founded on science. 
Men without the scientific training advertised as prerequisite have 
no difficulty in keeping pace with students who have taken the so- 
called fundamental science prerequisites. 

6. In some rare cases, where a real attempt is made to found the 
work on science, there is duplication of effort inside of the institution, 
in that the science itself rather than its use as a tool is taught, under 
the guise of technical subject matter. 

While the foregoing are merely statements of opinion, they are 
susceptible to proof or disproof. To determine the facts on the 
first three points, we must go directly to students who have taken 
or are taking courses in crops. The testimony of their instructors 

1 Paper read at the meeting of the Society held at New Orleans, La., November 
8, 1921. 

2 Director, Agricultural Experiment Station, Amherst, Mass. 
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is relatively of little value. Instructors theorize on what ought to 
be the results of the methods of teaching followed. Students base 
their statements on the actual experiences which they are undergoing. 
Not until crop instructors as a whole study the reaction of students 
to crop teaching as it is done can we expect the work to be on a 
sounder basis. The validity of the fourth charge, however, can in 
a measure be determined from a study of laboratory, lecture, or 
other class outlines. The use made of prerequisite science courses 
can be determined by a study of records of students in crops who 
have or have not taken these science courses, also of the course as 
outlined for men of different degrees of previous training. To 
obtain the facts as to the last assertion, we must get both the state- 
ments of instructors and the statements of the students. The final 
complex will establish the justice, or otherwise, of the charge made. 

For the sake of argument, let us assume that my assertions 
•represent facts. The state of affairs as pictured is not recent. I 
remember that at the meeting of the American Society of Agronomy 
held at East Lansing in 1912, Professor W. M. Jardine, now President 
of the Kansas Agricultural College, made the statement that “ Our 
crop courses are cheap,” and supported it in his usual vigorous 
manner. To give emphasis he reiterated the charge again and 
again, and certainly succeeded in getting marked attention. This, 
however, was nearly ten years ago; hence the question “ Have our 
crop teachers made progress during the last decade” is entirely legiti- 
mate. If not, is the fault due to the limitations, inherent limitations 
it may be, of the subject matter. Or, is the basic trouble in oi?r 
own limitations as crops teachers. 

That there has been absolute progress in the last decade must be 
admitted by any impartial student of agricultural teaching. Remem- 
ber, however, that progress is of two kinds, relative and absolute; 
and some of us will deny the relative progress in crop teaching 
methods. As an illustration of this, the past decade has seen 
instructional work in soils and soil fertility elevated from the kinder- 
garten class to a rank second to no subject taught in agricultural 
colleges. Ten years ago, students were required to spend endless 
and expensive hours in the soil laboratory. They weighed and 
reweighed brass tubes, and powdered mineral matter which they 
fondly hoped represented soils; and estimated moisture on the 
surface and in the interior of all sorts of things. Yet when the 
attempt was made to bring together the scattered knowledge thus 
developed, and figuratively speaking to “ cash in ” on the laboratory 
technique so developed, the work left much to be desired. Today, 
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however, the subject of soils and soil fertility is recognized as being 
on the plane of interpretative science. Its function is to draw from 
all science such facts as apply to the problems of fertility and soil 
management. Its success as a college course is based largely on 
the fact that the mental training value of work so given was early 
apparent. The men attracted to soil courses were of the highest 
degree of ability. The real question at issue, therefore, is whether 
our crop courses have relatively lost or gained when compared with 
those other courses which compete with the study of crops for the 
time and attention of the student. 

THE FUNCTION OF THE COLLEGE COURSE IN CROPS. 

Crop production itself ranks as an art. By no stretch of the 
imagination can it be called a science. The term “ scientific crop 
production ” is an anomaly. True it is, however, that certain 
practices in crop production may have a sound foundation in science, 
or the reverse may be the case. If, however, the college subject 
of crops is taught as an art, then we are elevating to college rank 
something that really belongs in the vocational school. Such schools 
aim primarily to teach how to accomplish or to do certain things. 
The college course in these subjects aims at — come to think of it, 
just what is the aim of a college course in crops? Has it ever been 
defined in any effective sort of way? Has the line of demarcation 
between the vocational school course in crops and the college course 
in crops ever been established ? 

I must turn aside from the general subject of crop courses for the 
minute to make a statement of three platitudes, on which I shall 
base as a conclusion what I conceive to be a sound definition of the 
objective of the college course in crops. These platitudes are: 

1. The function of a college is to teach men to think clearly. In 
this the college differs from a school, the function of which is to 
teach how to do. 

2. The function of a vocational college, then, is to teach men how 
to think clearly, rapidly, soundly and constructively in terms of a 
vocation. 

3. The function of an agricultural college, therefore, is to teach 
men to think constructively, productively and efficiently in terms 
of agriculture as a vocation. 

Finally, and as a conclusion, the function of the college course 
in crops is to teach men how to think, constructively and productively, 
in terms of problems of crop production. As a corollary, it must 
teach students to see what there is to be seen, and to reason accurately 
and rapidly, from these observations, to sound conclusions. 
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Now if we accept these statements as sound we have at once a 
basis on which we may evaluate methods of crop teaching. We may 
judge of their value or their lack of value by the extent to which 
they promise the economical attainment of the objectives just 
stated. 

WHY NOT EXPERIMENTAL WORK ON TEACHING METHODS? 

At meetings of the American Society of Agronomy, at our local 
meetings of the New England section of, this society, in conferences 
with crop and soil teachers all over the northeastern quarter of the 
country, I have heard much of curricula — of the place occupied 
by crop courses in these curricula — of relationship of crop courses 
to what are called prerequisite science courses — of the relationship 
of the study of crops to the study of soils, of farm management, 
and of various other similar subjects. I have been impressed with 
the utter futility of much of this discussion. It deals with the 
mechanics of arrangement, but does nothing, absolutely nothing, 
toward placing the teaching of crops on a sound pedagogical basis. 
In fact, it is useless to discuss the place of crop courses in the curricu- 
lum unless the major objective of these courses be clearly defined. 
The failure of such courses, if grouped in one place, will be no less 
serious than if grouped in another. Furthermore, unless the students 
are inspired or even compelled to use as tools the subjects required 
as prerequisites, then these same prerequisites are practically non- 
essentials. They may indeed be included for their mental training 
values, but if so this should be so admitted frankly and freely. 
Opinions may differ as to the importance of these prerequisite sciences' 
in the study of crops. There can be no difference of opinion as to 
the necessity of clear realization of just why such courses are included 
in the curriculum. Now, contrasting strongly with eternal discussion 
on the mechanics of arrangement, we seldom hear of crop teaching 
in its human relationships, nor yet of the relative value of different 
methods of attaining the prime objectives — which, let me repeat, 
should be increased ability on the part of the student to really think 
in terms of his subject matter. This brings me to a suggestion which 
I make with some hesitation — why should not the American Society 
of Agronomy do experimental work in determining the final values 
of different methods of crop teaching? There is real need for this 
service. The time our students spend in crop courses is expensive. 
As crop instructors we cannot afford to have our courses of any less 
value to the men taking them than are other courses, regardless 
of what they may be, which are offered in an agricultural college. 
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AN OPPORTUNITY FOR SERVICE. 

I look upon this suggestion as a presentation to the American 
Society of Agronomy of an opportunity for real service. In order 
to render possible easy criticism of the suggestion, I will present it 
in the form of three steps which I believe should be taken. These 
are: 

1. Determine the facts as regards crop teaching as actually being 
done. I have presented nothing more than an opinion based upon 
more or less consistent, but nevertheless random, observation. I 
may have overdrawn certain things in the picture which I attempted 
to present. Therefore let the American Society of Agronomy 
determine the facts and publish the same without fear of favor. 
This is the first big service which may be rendered by the Society. 

2. Make a critical study of teaching methods now in use. Define 
objectives. Find how different instructors aim to compass the same 
objectives. Catalog these methods. 

3. Outline definite experiments in methods of teaching. Select a 
number of methods designed to attain the same objective, test them 
out in different institutions, in different classes in the same insti- 
tution, on different individuals in the same classes. Develop 
machinery for measuring, no matter how inefficiently, the reaction 
of the student. Evaluate our crop teaching methods in terms of the 
human element rather than in terms of the subject matter itself. 

Of necessity, before we can take action or organize work on recom- 
mendation No. 3, recommendations Nos t and 2 must be acted upon. 
In case it is possible, however, to organize the work outlined in No. 3, 
I must emphasize that the basis of final judgment must be the reaction 
of the student, the interest aroused in him, the type of men attracted 
to crop courses, and the ability of the student, once exposed to our 
crop teaching, to apply scientific thought to subject matter problems, 
and finally, his ability to see clearly and reason accurately from that 
which he has seen. 

Does this represent an easy program? No. A necessary program? 
I believe the answer must be in the affirmative. Yet I believe that 
the work, onerous though it may be, will be worth while for the 
sake of the good standing of one of the most important courses in 
our agricultural colleges. Furthermore, we should always remember 
that the most serious waste in college is time waste; and that the 
least excusable of these time wastes is that which a student may be 
forced to waste in class or laboratory. Therefore the fundamental 
necessity of this study lies in the fact that it is incumbent upon us 
to guarantee the essential worthwhileness of the time spent by 
students, in crop studies. 



REPORT OF THE COMMITTEE ON LECTURES FOR A 
STANDARD INTRODUCTORY COURSE IN FIELD CROPS 1 

In offering an outline for the lectures of a standard introductory 
course in Field Crops, the Committee feels that some discussion 
of its choice and organization of subject matter is desirable, by way 
of explanation and emphasis. 

Is a Standard Introductory Course Desirable? — The Committee 
defines this course as a selection and organization of the introductory 
subject matter of Field Crops, which can be taught with considerable 
uniformity among the leading agricultural colleges of the country. 
The Committee believes a standard course is not only desirable 
but necessary, if Field Crops is to grow in power and dignity as a 
distinct part of the agricultural college curriculum. In the judgment 
of the Committee the course will have two highly important 
functions — (i) it will provide a basis for the accurate adjustment 
of credit when students leave one college to enter another and 
(2) it will provide a basis for improvement to which teachers 
may systematically contribute. The Committee considers the 
latter function extremely important. There is now a great oppor- 
tunity for constructive work in the science of teaching ojur subject, 
and the Committee believes that if teachers can accept a common 
basis for future development, research in this field will be greatly 
stimulated. 

The Form of a Standard Course. — What then should be the form 
of the standard course? What subject matter should be chosen? 
With instruction in crop production as the principal aim of the 
Field Crops curriculum, an introductory course may be organized 
in either of two forms — (1) individual treatment, by which crops, 
are studied separately, according to their historical and economic 
significance, their ecological and botanical relationships, their 
physiological processes, and the cultural methods by which they are 
produced or (2) general or topical treatment , by which the history, 
importance, relationships, processes, and cultural methods of all 
crops are grouped in a topic outline and developed in a broad funda- 
mental way. 

A standard course 'organized in the first form could have only a 
limited adoption. Not only do crops differ, but the best methods 
for their production differ between various parts of the country. 

1 Presented at the meeting of the Society held at New Orleans, La., November 
8, 1921. (See minutes, Vol. 13, page 367.) 
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And a further objection may be raised against this form on the 
point of efficiency in teaching. There is a great deal of wasteful 
repetition in a course which deals separately with individual crops. 
So many of the facts discussed for one crop are repeated for others. 
This repetition progressively lessens the interest of the student 
and affords no mental stimulus for the teacher himself. 

Neither of these objections apply to a course which deals largely 
with the principal factors underlying the production of all crops. 
Indeed the strength of this course parallels the weakness of the course 
organized on the basis of individual treatment. It can be very 
widely adopted. It emphasizes pointedly, rather than incidentally, 
the fundamentals of crop production. It can systematically give 
the student a general grasp of these fundamentals. It can impress 
him with the breadth and dignity of the subject. It is efficient, 
in its systematic special treatment of facts fundamental to the 
production of all crops; and it will stimulate the interest of teachers, 
since it offers a broader opportunity for constructive study and 
individuality in presentation. And finally, it will awaken the student 
to a better appreciation of the value of the basic sciences, since it 
so frequently affords the opportunity for applications of scientific 
facts to practice. 

Assuming the superiority of the general or topical course, the 
committee recommends that the standard introductory course be 
organized in that form, and in the following outline we suggest a 
body of subject matter which we believe will be satisfactory for the 
lectures of such a course. 


A SUGGESTED OUTLINE FOR LECTURES IN A STANDARD INTRO- 
DUCTORY COURSE IN FIELD CROPS. 

LECT. I. DEFINITION OF THE PURPOSE AND SCOPE OF THE FIELD CROPS CURRICU- 
LUM. 

A. To give instruction in the successful production of crops. 

1 . By surveying and discussing good methods and practices. 

a. Those in use by good farmers. 

b. Those that have developed from experimental evidence. 

c. Those indicated by experimental evidence. 

2. By discussing significant developments in agronomic research and 

investigation. 

3. By deductions and theories based on facts learned by experience 

and experimentation. 

B. To vitalize for the student the basic sciences — botany, chemistry, 

physics. 

1. By explaining and illustrating the known relations of many scientific 

facts to good practices in crop production. 

2. By suggesting other possible relations. 

C. To illustrate in a special way the influence of crops upon economic 

conditions. 
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LECT. II. CLASSIFICATION OF FIELD CROPS. 

A. Botanical groups — grasses, legumes, others — and their relationships. 

B. » Agronomic groups — grain, forage, fiber, root, etc., etc., etc. 

C. vSpecial purpose groups — cover, catch, green manure, soiling, silage 

nurse, etc., etc., etc. 

(In this lecture Ball and Piper’s glossary of agronomic terms — see Journal, 
of Agronomy — should be assigned for class study and its value explained.) 

LECT. III. THE ECONOMIC SIGNIFICANCE OF FIELD CROPS. 

A. Crops the basis of world trade*. 

B. Crops the basis of farm wealth. 

LECT. IV. RELATION OF GOOD CROPS TO GOOD TIMES. 

A. General prosperity and progress depend upon a stable supply of cheap 

food. 

B. Crops the most important and cheapest source of food. 

1. Why food has been cheap in the past. 

a. Free or cheap land. 

b. Cheap labor. 

c. Invention of labor saving machinery. 

2. Future production of cheap food. 

a. The maintenance of soil fertility. 

b. Improved cultural methods. 

c. Improved varieties. 

d. Control of enemies — diseases, insects, etc. 

e. Economy of labor. 

C. Need of a national policy in crop production. 

1. To promote the maintenance of soil fertility. 

2. To stabilize the production and disposal of crops, so that profits 

may be justly distributed. 

LECT. V. RELATION OF GOOD METHODS OF CROP PRODUCTION TO PROFIT. 

A. Good methods and the economy of labor. 

B. Relation of general high production to profit. 

C. Relation of individual high production to profit. 

D. Most productive methods not necessarily the most profitable. 

LECT. VI. DISTRIBUTION OF FIELD CROPS. 

A. As influenced by the various characteristics of climate, especially the 

length and nature of the growing season. 

B. As influenced by the character of the soil. 

C. As influenced by economic and social conditions. 

LECT. VII. THE RIGHT CROP IN THE RIGHT PLACE. 

A. The soil must be suitable for the crop. 

1. Choice of soil in relation to the needs of the crop to be grown. 

Examples and explanations. 

2. Cultural modifications of soils for crop needs. 

a. Irrigation. 

b. Drainage. 

c. Terracing. 

d. Ridging on wet lands. 

e. Listing under dry conditions of soil and climate* 

B. The crop must be adapted to the climate. 

1. Requirements of important crops for the characteristics of climate. 

2. Nature and effects of drought and winter-killing. 

LECT. VIII. THE VALUE OF GOOD VARIETIES. 

A. Local differences between good varieties and poor ones. 

B. Values of some famous varieties. 

C. Range of varietal form in important crops. 

1. Varietal distinctions. 

a. Morphological. 

b. Physiological. 
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2. Stability of varietal distinctions. 

a. As affected by climate. 

b. As affected by soil. 

c. As affected by mixtures. 

LECT. IX. PLANT IMPROVEMENT. 

A. Possibilities of profit from plant improvement. 

B. Methods of plant improvement. 

1. Selection — mass and pedigree. 

2. Hybridization. 

C. Some notable accomplishments in plant improvement. 

D. Relative importance and limitations of plant improvement. 

E. Plant improvement under farm conditions. 

LECT. X. THE VALUE OF GOOD SEED. 

A. What is good seed? 

1. Its qualities. 

2. Conditions which affect qualities. 

B. Profit in the use of good seed. 

1. Illustrations of its superior yield. 

2. Comparative value of its returns on the basis of the unit of 

investment. 

LECT. XI. HOW TO SECURE GOOD SEED. 

A. Practices in seed selection (See lecture IX). 

B. Storage practices. 

C. Seed testing. » 

D. Seed associations. 

E. Seed laws, etc. 

LECT. XII. PREPARATION OF THE SEEDBED. 

A. Good preparation increases yield. 

B. Statement and explanation of the benefits of good preparation. 

C. Principles of preparation. 

1 . Condition of the soil. 

2. Time of preparation in relation to climate, crop, soil type, etc. 

D. Good methods of preparation for the most important local crops. 

LECT. XIII. COMMERCIAL FERTILIZERS. 

A. The uses and general effects of fertilizers. 

B. Theories of fertilizer application. 

C. Economy in the use of fertilizers. 

LECT. XIV. BARNYARD MANURE. 

A. Its benefit to crops and the probable reasons. 

B. Economy in its use. 

1. Relative value for different crops. 

2. Time of application in relation to value. 

C. Care of manure. 

LECT. XV. LIME. 

A. Its benefit to certain crops and the probable reasons. 

1. Crops which are benefited by lime and the general conditions 

under which lime should be used. 

2. Crops which are not apparently benefited by lime. 

B. Commercial forms of lime. 

C. Time and methods of application. 

LECT. XVI. SEEDING PRACTICES. 

A. Relation to kind and quality of seed. 

B. Relation to climate, season, and time of seeding. 

C. Relation to soil. 

D. Rates and dates of seeding local crops, presented in tabular form. 
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LECT. XVII. GERMINATION OF THE SEED. 

A. Seed structure. 

B. Conditions for germination. 

C. Process of germination. 

lect. xviii. crop growth. (Optional, depending upon previous instruction 
in Botany.) 

A. Sources of plant food. 

B. Probable way in which plant food and water is taken from the soil. 

C. Photosynthesis and food storage. 

D. Reproduction. 

LECT. XIX. CROP TILLAGE. 

A. Effects of tillage. 

B. Theories of tillage. 

C. Tillage practices with local crops. 

LECT. XX. HARVESTING GRAIN CROPS. 

A. Importance of timely harvesting. 

1 . Losses from over-ripe crops. 

2. Losses from under-ripe crops. 

3. The proper stage for harvesting. 

B. Harvesting methods for different grain crops. 

C. Comparative value of different methods of storage — shocks, stacks, 

ricks, bins, cribs, etc. 

* 

LECT. XXI. HARVESTING FORAGE CROPS. 

A. Importance of timely harvesting. 

1 . Losses from over- ripe crops. 

a. Shattering, lodging, etc. 

b. Reduction in palatability and nutritive value. 

c. Reduction in yield of subsequent cutting. 

2. Losses from under-ripe crops. 

a. Loss in nutritive value. 

b. Loss in maximum yield of dry matter. 

c. Greater difficulty in curing. 

3. The proper stage for harvesting. 

a. General rules. 

b. The proper stage for harvesting local forage crops. 

LECT. XXII. HAY MAKING. 

A. Essential facts about curing hay. 

1 . Changes in plant material during curing process. 

2. Relation of these changes to market quality of hay. 

3. Loss of substance during curing. 

B. Practices in curing local crops. 

C. Summary of general rules. 

LECT. XXIII. ENSILAGE. 

A. Economy of ensilage. 

B. Changes in plant matter, green to cured — conditions of good ensilage. 

C. Ensilage crops — choice, rate of planting, stage for cutting*, etc. 

D. Good practice in making and preserving ensilage from important crops 

of the section. 

LECT. XXIV. SPECIAL PURPOSE CROPS. 

A. Catch crops, cover crops, green manure crops. 

B. Principles in their choice and production. 

1 . Early, quick growing, aggressive varieties. 

2. Cheap preparation. 

C. Examples of local catch, cover, and green manure crops. 
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LECT. XXV. PLANT ASSOCIATION AND COMPETITION. 

A. Plant association in nature. 

B. Plant association (mixtures) in cultivation. 

1. How plants may benefit by association. 

2. How plants may be injured by association. 

3. Principles in choosing plants for associated growth. 

4. Examples of successful and unsuccessful associations — reasons, etc. 

C. How type of population is shifted by a change in the soil. 

D. Aggressiveness in plants — advantages and disadvantages. 

LECT. XXVI. PASTURE MANAGEMENT. 

A. Importance of pastures. 

B. Classification. 

C. Cultural methods. 

D. Seeding. 

E. Carrying capacity. 

F. The leading pasture grasses — general and local. 

LECT. XXVII. MEADOW MANAGEMENT. 

A. Uses and purposes of meadows as distinguished from uses and purposes 

of pastures — value in rotations, etc. 

B. Meadow mixtures. 

1. Principles and practices. 

2. Plants adapted for local use. 

C. Cultural methods. 

LECT. XXVIII. THE WEED FACTOR IN CROP PRODUCTION. 

A. Definition — weeds a competitor of crops, etc. 

B. Damages and benefits of weed growth. 

C. Classification and characterist ics of weeds. 

Root habits. 

2. Growth habits. 

3. Seeding habits. 

D. Control of weeds. 

1. Cultural. 

2. Smothering. 

3. Chemical sprays. 

4. Clean seed. 

E. Summary of control methods. 

LECT. XXIX. CROP ROTATION (GENERAL CONSIDERATIONS). 

A. Effect of continuous cropping. 

B. Development of fallow and rotation systems. 

C. Reasons for crop rotation. 

1. Maintenance of yields. 

2. Distribution and economy of labor. 

3. Reduction of risk. 

4. Control of weeds, insects, diseases. 

LECT. XXX. CROP ROTATION (PRACTICES). 

A. Essentials of a good rotation. 

B. Planning the rotation. 

C. Examples of good rotation with local crops. 

D. Difficulties and limitations of crop rotations. 

LECT. XXXI. CROP DISEASES. 

A. Economic importance of diseases of crop plants. 

B. Some of the most important diseases. 

1 . Their nature and causes. 

2. How they are spread. 

3. Life history of an important disease fungus. 

C. The control of diseases in field crops. 

1. Curative measures too expensive to be practicable. 

2. Prevention of diseases. 
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LECT. XXXII. INSECT ENEMIES OF FIELD CROPS. 

A. Economic importance of crop insects. 

1. How and to what extent they damage crops. 

2. Life history of an important insect enemy of field crops. 

B. The most important crop insects. 

C. Prevention of insect attack. 

1. Rotation. 

2. Clean farming. 

D. Control of insects — measures for a few important cases, selected to 

illustrate general principles of control. 

I.ECT. XXXIII. GRAIN GRADING.* 

A. Early establishment of grades. « 

1 . Faults of early grades. 

2. Conditions which led to Government investigation. 

B. Federal grades. 

1. Establishment. 

2. Advantages. 

3. Processes in grading. 

C. Federal supervision of grades, organization, etc. 

D. Licensed and State inspectors. 

LECT. XXXI V. GRAIN MARKETING.* 

A. Time of marketing. 

B. Transportation to local market. 

C. The local market and its value. 

D. The central market. 

LECTS. XXXV — XI.V. A SUMMARY OF INFORMATION ON THE PRODUCTION OF 
LOCAL CROPS. 

In these lectures (XXXV-XLV) the most important local crops should be 
treated individually, giving to each crop the time its relative importance deserves. 
For example, three or four periods might be spent with com, in which would 
be summarized from the general subject: matter of the previous lectures ail 
information that bears directly on good methods of com production, together 
with such other practical information as the teacher wishes to include. The 
purpose of the summary is therefore to align, to review, and to supplement — 
in such a way that the student will receive definite instruction in good methods 
of local production, based upon the broad and fundamental considerations 
previously developed. 

* The grading and marketing of cotton, tobacco, hay or potatoes may be 
substituted or added here, if desirable. 

In preparing this outline the Committee requested of all depart- 
ments of Agronomy or of Field Crops in the country (1) the outline 
of their present elementary courses or (2) their suggestions for the 
essentials of a standard course. Thirty-six replies were received, 
which number may indicate the degree of interest the matter holds 
for teachers in general. The majority of these replies presented the 
conventional outline for the individual treatment of crops; in some 
replies were found a few suggestions for topics similar to those 
composing the larger part of the outline now presented by the 
Committee; and the suggestions of a few teachers were decidedly 
in the direction of this outline. We therefore conclude that the 
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idea for a more fundamental introductory course is already in the 
minds of several teachers. 

The Committee considers this outline by no means perfectly 
developed. It is only an essential basis for further construction and 
improvement. Details are purposely omitted, except when necessary 
to explain a topic heading or to illustrate the possibility of elaboration. 
The general purpose is to suggest and illustrate rather than to 
construct rigidly. Individual teachers may wish to modify some 
parts of the outline or to substitute other topics in conformity with 
local conditions. For instance, some may substitute for grain 
grading and marketing the grading and marketing of cotton, tobacco, 
potatoes, or hay; or include a general treatment of root crops; or 
broaden the topic “hav-making;” or reduce somewhat the economic 
considerations of crops (lectures III, IV, V). Such modifications will 
not be contrary to our general idea , which is to deal mainly with funda- 
mentals. The outline is elastic enough for the reasonable adjustment 
of topics to local needs. 

Some teachers may feel that at certain points the outline encroaches 
upon the subject matter of other departments. However , it is not 
intended that discussions of subjects which might be classified as Soils , 
Botany , etc., shall proceed far into the technical fields of those depart- 
ments. For example, the discussion of lime would aim only to give 
the student essential information for the intelligent use of lime in crop 
production. To give such information must be a privilege and a 
duty of the course in Field Crops — a privilege, because we may 
properly deal with all the essentials of crop production; a duty, 
because many of our freshmen or sophomore students may not reach 
courses in other departments which deal specially with some of 
these vital subjects. 

In suggesting this outline the Committee assumes that the standard 
course will be taught to freshmen or sophomores, that its presenta- 
tion will require three lecture periods weekly during one scholastic 
term; that it will be supplemented by two laboratory periods, thus 
completing a five-hour course; and that it will be followed by 
advanced special electives, such as Grain Crops, Forage Crops, 
Fiber Crops, Field Crops Improvement, and Field Crop Management. 

The Committee wishes to emphasize its allotment of 10 or 12 
lectures for the treatment of individual crops in the latter part 
of the course. These special lectures will serve the double purpose 
of applying the fundamentals previously studied and of giving 
specific instruction in the production of local crops. The Com- 
mittee believes this number will generally be sufficient, in view of 
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the previous study of fundamentals common to all crops, but it 
may be somewhat increased to serve local needs and the number 
of general topics adjusted accordingly. 

Respectfully submitted, 

W. C. ETHERIDGE, 

M. L. FISHER, 

COMMITTEE ON LECTURES FOR A STANDARD 
INTRODUCTORY COURSE IN FIELD CROPS 


NITROGEN ECONOMY IN SOILS 1 

Firman E. Bear.' 2 

COMBINED NITROGEN IN RAINWATER. 

After listening to Liebig’s lectures before the British Association 
for the Advancement of Science in 1840, Lawes and Gilbert returned 
to Rothamsted with the determination of testing the accuracy of 
his conclusions as to the sufficiency of the ammonia of the atmosphere 
as the source of the nitrogen of plants. Accordingly, arrangements 
were made for collecting the rainfall on a measured area with the 
result that the total combined nitrogen thus secured was estimated 
at 6 or 7 pounds per acre. Later, more exact determinations summar- 
ized by Russell and Richards (30) 3 and covering the period from 
1888 to 1916 showed an average acre content of ammoniacal and 
nitric nitrogen in the rainfall amounting to 3.97 pounds. To this 
may be added that recorded as being in organic forms and estimated 
at 1.35 pounds per acre, making a total of 5.32 pounds from an 
average rainfall of 28.8 inches. 

A review of the literature on this phase of the subject by Wilson 
(34) shows the nitrogen content of rainwater has usually been found 
to be from 5 to 8 pounds per acre annually. Occasional reports 
have indicated much larger quantities amounting to as much as 
1 5 to 20 pounds. In his investigations at Ithaca, New York, covering 
the period from 1915 to 1920, Wilson found an average of 12.51 
pounds per acre of ammoniacal and nitric nitrogen with a rainfall 
of 29.3 inches. It is questionable as to how correctly this average 
figure may represent the nitrogen in the rainfall. It is possible 

1 Paper read at the meeting of the Society held at New Orleans, La., November 
7 , 1921. 

2 Professor of Agricultural Chemistry and Soils, Ohio State University, 
Columbus, Ohio. 

* Reference by number is to “Literature Cited," p. 151. 
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that the high quantities noted for three years may be related to 
the enlarged industrial activities associated with the World War. 
For the two-year period from May, 1918, to May, 1920, the average 
was slightly less than 4 pounds per acre. Ames (1) reports the 
nitrogen content of the rainwater at Wooster, Ohio, at from 6 to 7 
pounds per acre, with an average rainfall of 37.9 inches. 

No very definite correlation is apparent between the amount 
of combined nitrogen in the rainwater and any contributing agent. 
In general it may be said that the amount tends to be larger with 
the increased rainfall and perhaps also with the nearness to industrial 
centers. Probably the quantity obtained over much of the humid 
sections of America would amount to not more than 5 to 6 pounds 
per acre annually. 

FIXATION OF ATMOSPHERIC NITROGEN. 

Ever since Wilfarth (33) reported the quantity of nitrogen con- 
tained in the inoculated as compared to the uninoculated lupins which 
he grew in pots filled with sand, investigators have been studying 
the efficiency of B. radicicola as a nitrogen fixing organism. The 
experiments designed to determine this have fallen largely into three 
groups : 

1. Comparisons of the nitrogen content of legumes and non- 
legumes grown on equal areas of similar soil. 

2. Comparisons of the nitrogen content of inoculated and 
uninoculated legume crops grown on equal areas of similar .soil. 

3. Analytical records of the nitrogen content of the soil of a 
given area before and after the growth of, the legume, together 
with records of the nitrogen in the seed and water added and that 
removed in the crop and drainage water. 

COMPARISONS OF THE NITROGEN CONTENT OF LEGUMES AND NON-LEGUMES, 

As early as i860, Lawes and Gilbert (22) pointed out that legume 
plants contained much larger amounts of nitrogen than non-legumes 
grown on the same soil. As an average of three years data, they 
had found the nitrogen content of the cereal crops at Rothamsted 
to be approximately 30 pounds per acre as compared to 120 pounds 
contained in clover. They wrote : 

14 Ammonia cannot be procured in the market in any large quantities, but by 
cultivating turnips and the leguminous plants, a large amount of this substance 
is collected by them from the atmosphere.’' 

However, the difference in nitrogen content of a legume and any 
given non-legume grown on the same land may not represent the 
nitrogen gained thru the agency of the legume and its associated 
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organisms, since the several non-legumes differ markedly in their 
capacity to take nitrogen from the soil. Hiltner (20) classifies 
the non-legumes into two groups, the 41 Stickstoffzehrer ” and the 
“ Stickstofferhalter ” and of the latter group mentions in particular 
the rape plant. Analyses recorded by Henry and Morrison (19) 
show that this plant, in common with several well-known weeds 
such as purslane and field daisies, may contain percentages of 
nitrogen equal to or greater than that of red clover. 

In this connection, the conclusion of Lyon and Bizzell (26), that 
the rate of nitrification in soils is very much influenced by the grow- 
ing crop, is pertinent. Maize and clover were shown to have 
markedly stimulating effects on nitrate formation. Timothy and 
some of the grasses were found to depress nitrification. Of particular 
interest is the possibility that legumes, by reason of their favorable 
effect on nitrification, may thereby be enabled to secure larger 
amounts of nitrogen from that stored in the soil organic matter 
than is ordinarily supposed. If the comparison is to be between 
a legume and a non-legume perhaps a member of the “ Stickstoffer- 
halter ” group should be selected. 

COMPARISONS OF THE NITROGEN CONTENT OF INOCULATED AND 
IJNINOCULATED LEGUMES. 

Numerous examples of this type of investigation are- found in 
the literature. Among the more recent may be mentioned the data 
reported by Arny and Thatcher (3) on first crop, second season, 
sweet clover and alfalfa grown on moderately productive soil. In 
their tests, it was shown that the nitrogen content of the former, 
calculated from the tops and roots produced on plots of three square 
yards, was increased at the rates of 133 and 76 pounds per acre by 
inoculation with and without an accompanying use of lime respec- 
tively. Similarly, 118 more pounds of nitrogen per acre were 
found in inoculated than in uninoculated alfalfa. Fred (12) found 
an increase from inoculation in the nitrogen content of the tops, 
roots and nodules of soybeans, calculated from the crops grown on 
areas of 137.5 square feet of Plainfield sand, amounting to 57 pounds 
per acre. 

Such a method of calculation would apparently not exaggerate 
the nitrogen fixing capacity of the nodule organisms, since it is 
difficult to find an area of the legume crop which is not at least 
partially inoculated. However, the foraging power of the legume 
plant for soil constituents must be considerably increased as a result 
of the larger growth following inoculation. The work of Amy and 
Thatcher shows that not only are the quantities of the mineral 
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constituents in legumes thus increased, but that the actual per- 
centage of potassium may be larger. The increase in the nitrogen 
content of legumes may therefore, represent a saving as well as a 
fixation. Taken in connection with the fact that legumes stimulate 
nitrification, this would throw considerable doubt on the validity 
of the argument that differences in nitrogen content due to inocula- 
tion represent the fixation by the nodule organisms of legumes. 

The following conclusion of Hopkins (21) drawn from this type of 
investigation is interesting in this connection: 

“On normally productive soils, one third of the nitrogen contained in legumes 
is taken from the soil, not more than two thirds being secured from the air ” 

COMPLETE ANALYTICAL RECORD OF NITROGEN ECONOMY IN THE SOIL AND 

CROP. 

Of the more exact methods involving analyses of the soil, seed, and 
water, and of the crops removed, the pot tests of Hartwell and Pember 
(18) deserve particular mention. These investigators studied the 
nitrogen economy in Warwick sandy loam soil accompanying the 
growth of cowpeas, soybeans, crimson clover and adzuki beans, using 
vetch as a winter cover crop. Most satisfactory growth was reported 
for the first two. Summarizing their investigations they wrote: 

“The approximate five-year net gain of nitrogen in the presence of these two 
crops, and the vetch which was grown alternately with each, was a ton of nitrogen 
per acre, about seven tenths of which was contained in the twenty-five tons of 
moisture free summer crop removed, and the remainder in the soil itself.” 

This indicates that the fixation processes may be quite rapid where 
the conditions are kept at or near the optimum. The original soil 
contained 0.1502 per cent of nitrogen. That in the soybean pots 
had a nitrogen content of 0.1987 per cent and of the cowpea pots 
of 0.1944 per cent at the end of the 5 year period. A point would 
probably soon have been reached at which the legume would have 
made larger use of the nitrogen previously fixed and made available 
thru nitrification. 

NON-SYM BIOTIC PROCESSES. 

The quantitive relationships which obtain in nitrogen fixation 
were found to be somewhat complicated when it was discovered 
by Winogradski and Bcyerinck that certain of the organisms in 
soils, other than those whi^h were known to produce nodules on the 
roots of legumes, were able to assimilate atmospheric nitrogen. Of 
these the Azotobacter group is credited with the greatest capacity. 
The conditions favoring their activities are now known to be quite 
similar to those suited to legume crops and iriclude the presence of 
available phosphorus and potassium, carbonaceous materials and 
carbonates of calcium or magnesium, the latter according to Ashby 
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(4) appearing to be preferable. Opinions differ as to the capacity of 
these organisms to accumulate nitrogen under field conditions. 
Perhaps the statement of Lipman (23) has been most frequently 
mentioned in this connection: 

“From the data at present available different investigators have estimated the 
quantity of nitrogen fixed by Azotobacter at 15 to 40 pounds per acre per annum.” 

The quantity of nitrogen assimilated from the air by non-symbiotic 
organisms is probably dependent, among other factors, upon the 
nitrate content of the soil. Nitrification is also favored by conditions 
similar to those suited to the needs of Azotobacter . Bonazzi (7) 
has recently shown that the presence of nitrates aids in the better 
utilization of the carbohydrates usually supplied in nitrogen fixation 
studies. It is his opinion that Azotobacter serve as nitrate conservers 
and that after the available nitrates have been utilized “ a second 
physiological phase sets in, in which the cells assimilate atmospheric 
nitrogen He writes further : 

“ It appears that 4 all ’ organisms choose the line of least resistance for obtain- 
ing and assimilating their food; and micro-organisms are not an exception to 
the rule.” 

Investigations reviewed and extended by Fred (13) have shown 
that B. radicicola has the capacity to fix atmospheric nitrogen in 
the absence of its host. The experiment of Golding (15) in which 
the rate of fixation was increased by the removal of the soluble 
products of growth as produced indicates that this process might 
be considerably increased in the presence of growing plants which 
were withdrawing the nitrogen as it became available thru fixation 
processes. Even when the B. radicicola are working symbiotically 
the presence of a non-legume to serve in the removal of soluble 
nitrogen from the soil may be found desirable. A review of the 
data on this point together with supplementary investigations by 
Wright (35) indicates that it is not safe to assume, however, that 
the association of legumes and non-legumes always guarantees an 
increased nitrogen content of the non-legumes or an increased rate 
of fixation by the legume and its nodule organisms. 

THE LYSIMETER. METHOD OF STUDY. * 

Of all the methods employed in the study of the nitrogen economy 
of soils that in which use is made of lysimeters is perhaps to be 
preferred.** Such tests approach somewhat more nearly to field 
conditions and yet provide for the checking up of the nitrogen outgo 
in the drainage water. An interesting record under such conditions 
of the nitrogen economy in Dunkirk clay loam soil having a nitrogen 
content in the first foot of 0.134 percent is provided by the work 
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of Lyon and Bizzell (27). In these investigations, it was found that 
the rate of loss of nitrogen in drainage from the manured soil was 
correlated rather definitely with the quantity of drainage water. 
The rather surprising feature of these investigations thus far is the 
relatively small amount of nitrogen in the drainage from cropped 
lysimeters. Excluding the first year, in which the loss was abnor- 
mally high due to the fact that the soil had been disturbed in moving 
and oxidation was probably considerably increased as a result, the 
average annual loss amounted to only 3.4 pounds per acre. Another 
important feature is the apparent confirmation of their conclusions, 
previously referred to, which indicate that the rate of nitrification 
is definitely related to the kind of crop being grown. For example, 
it was shown that the nitrogen losses in drainage were least in the 
presence of mixed grasses altho the nitrogen removed by them from 
the soil, as shown by analysis, was smallest of any of the crops 
under observation. In the absence of vegetation the nitrogen losses 
averaged nearly 100 pounds per acre annually, equal to half of the 
quantity applied in the form of manure. 

The texture of the soil is a very important factor in determining 
the rate of nitrification and the subsequent loss of the nitrates in 
the drainage water. For this reason the problem is most serious 
in sandy soils, especially if they happen to be in a warm climate. 
The possibilities of losses under such conditions are shown in the 
lysimeter tests in Florida, as reported by Collison and Walker (9). 
However, as this experiment progressed and the trees in the tanks 
grew larger, the losses were very considerably curtailed by reason 
of the facts that a large part of the soil water was returned to the 
air by transpiration and more nitrate was utilized by the trees. . 

It is apparent that, in addition to the climatic and soil factors, the 
system of management which the soil receives will determine to a 
very large degree the point at which the drainage losses and the 
fixation processes will come to equilibrium. Nitrogen fixation is 
known to be stimulated by the use of potassium and phosphorus 
fertilizers and by the application of lime or limestone. In unpro- 
ductive soils nitrogen fixation will be slow, but the nitrification 
processes are likely to be correspondingly slow. To accumulate 
nitrogen in the soil, nitrification need not necessarily be stopped, 
but both conserving and fixation processes must be in operation. 
It may also be possible, as suggested by Lyon (25) to grow acid 
tolerant legumes on soils in which nitrification has been retarded 
and thereby accumulate nitrogen. The critical pH of the nodule 
organisms of the soybean, for example, was found by Fred and 
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Davenport (14) to be 3.4 as compared to 4.3 for those of red clover 
and 5.0 for those of sweet clover and alfalfa. Salter finds that the 
critical point in the soil is approximately 1 pH higher than would 
be expected from culture solutions, due probably to the toxicity 
of the soluble aluminium. This would place the critical pH for 
nodule organisms of soybeans at 4.4. Nitrification in an acid 
DeKalb soil was found not to be accelerated to any considerable 
extent until the pH had been raised to 6, with a maximum between 
6 and 8. It is possible, therefore, th^t a degree of acidity could be 
selected at which nitrogen accumulation could continue with a 
minimum loss of nitrate. 

CYLINDER STUDIES. 

When soils which are high in nitrogen are placed under cultivation 
the nitrogen content is rapidly reduced, because the nitrogen fixation 
processes cannot keep pace with the excessive nitrification and 
because even the legume crops do not require any considerable 
amount, if any, of nitrogen other than the nitrates produced. The 
nitrogen economy under such conditions is very nicely, shown in the 
cylinder tests which have been carried out at the New Jersey Station 
(24). These studies were made on a* light loam soil having an 
original nitrogen content of 4,975 pounds per acre ten inches. The 
cropping system was corn, oats, oats, wheat, timothy. From 1898 
to 1907 the nitrogen content of the soil was reduced, on the phosphate 
and potasli-treated cylinders, to 3,560 pounds. This represents a 
loss of 1,415 pounds of nitrogen of which only 415 pounds was 
accounted for in the crops removed. 

Beginning with 1908, one series of cylinders was limed and fertilized 
with phosphate and potash salts and in addition a legume catch 
crop was turned under twice each five-year period. In this series 
the nitrogen content was reduced from 3,716 in 1908 to 3,274 in 1912, 
a loss of 442 pounds of which 231 was accounted for in the crops 
removed. By 1917, the nitrogen content of the soil had been reduced 
to 3,135 pounds, a further loss of 139 pounds. However, during 
this period the quantity of nitrogen removed in the Crops amounted 
to 287 pounds. Apparently the point of equilibrium between 
nitrogen income and outgo had very nearly been reached. 

NITROGEN ECONOMY STUDIES IN FIELD SOILS. 

It will probably always be desirable to give our conclusions a final 
field test. Fortunately, it happens that crop records accompanying 
the regular and long continued use of fertilizing materials and 
definitely planned rotations are now available covering long periods 
of time, particularly at the Rothamsted, Pennsylvania and Ohio 
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experimental farms. It would seem as though it might be possible 
to check our conclusions on nitrogen economy by an investigation 
of the soils of these plots. 

In 1885, Hall (16) called attention to what appeared to be a 
rather remarkable increase in the nitrogen content in soils allowed 
to run wild on the Rothamsted farm. Analyses of soil to a depth 
of 27 inches from such areas in the Broadbalk and Geescroft fields, 
before and after a twenty-year interval, showed an apparent average 
annual gain of 98 pounds per acre in the former and 44 pounds in the 
latter. The data were all the more remarkable when it was shown 
that the percentage of legume plants in the Geescroft field at the 
last sampling date was less than one-half of one percent. 

It is interesting in this connection to examine the records of 
analyses of the soil of plot 5 of the continuous wheat series in Broad- 
balk field. This plot has received a complete mineral fertilizer 
but no nitrogen since 1852. Analyses of the soil were made in 1865, 
1881, 1893 and 1914. Data for the first three analyses are given 
by Dyer (11) and for the last by Russell (29). They are as follows: 

Table i. — Estimated acre content of nitrogen of Broadbalk soil — complete mineral 
fertilizer plot — continuous wheat. 


First 9 Second 9 Third 9 
Date. inches. inches. inches. 

1865 2782 1910 1708 

1881 2543 1865 1597 

1893 2517 1827 1563 

1914 2517 1827 1680 


The method of sampling in 1914, according to Russell, was 
comparable with that of previous samplings in so far as it applied 
to the surface 9 inches, but slightly different in the second and 
third depths. Considering only the first depth, the nitrogen loss 
amounts to 265 pounds per acre in a period of 50 years or a little 
over s pounds per acre per year. Crop records available for the 
50-year period 1862-1911, which should be quite similar to 
those for 1865 to 1914, show that the average yield on this plot 
during this period has been 13.9 bushels of wheat and 11.2 hundred 
weight of straw, totaling 695 bushels of wheat and 560 hundred 
weight of straw, per acre. Subtracting 100 bushels of seed wheat 
would leave 595 bushels. With an estimated nitrogen content of 
1.78 per cent for the grain and 0.475 for the straw, the total nitrogen 
removed by the crops during this period must have amounted to a 
little over 900 pounds or 19 pounds per acre per year. 

Hall (17) estimated the annual drainage loss of nitrogen from this 
plot for the two years 1879-81 at 16.7 pounds per acre. This is 
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probably too high. The rate of loss has probably also decreased 
during more recent years. However, the drainage loss must certainly 
have equalled the gain in the rainfall, amounting to 5.32 pounds per 
acre. Even in the absence of legume crops, except the black medick 
which* grows as a weed on these plots, and under conditions not 
particularly adapted to economizing in nitrogen, the assimilating 
process has kept pace with the removal after the total nitrogen 
content had fallen to approximately 2,500 pounds per acre-nine- 
inches. 

In 1916, Bear and Salter (6) called attention to what appeared to 
be an increase of nitrogen amounting to 1,173 pounds per acre to a 
depth of 20 inches which had been accumulated in the soil of a plot 
on the West Virginia Experiment Station farm which had been 
liberally treated with phosphate and potash fertilizers and cropped 
in rotation for a period of 16 years. This figure was obtained from 
a consideration of the probable amount of nitrogen contained in 
the crops removed and from a comparison of the nitrogen content of 
the soil on this plot with that of an adjacent check. This accumula- 
tion, amounting to 73 pounds per acre per year, which may represent 
a saving as well as a fixation, had taken place in a silt loam soil 
having a nitrogen content of approximately 2,000 pounds per two 
million of surface soil, under conditions in which a legume crop was 
grown every fourth year. An interesting phase of this investigation 
was shown in the fact that there was almost a direct correlation 
between the phosphorus, nitrogen and carbon content of the soils 
of all the plots at the end of this period. This correlation was found 
to obtain in analyses of 240 soils chosen from various sections of 
West Virginia, a high content of phosphorus being invariably 
associated with high nitrogen content. 

Later, from an examination of the records of the crop yields on 
similarly fertilized series at Wooster, Ohio, which had received 
additional applications of lime, the writer concluded that nitrogen 
fixation had progressed on these plots during the 25 year period of 
the test to the extent of 1,100 pounds per acre or 44 pounds per 
acre per year. Analyses of the soil were not then available. Since 
that time Ames (1) has reported the nitrogen content of the soil on 
plot 8 of section D of this series from samples chosen at several 
different time intervals. It seems desirable, therefore, to recalculate 
the data for the period since 1904, when the first application of lime 
was made. The record for the plot shows that it was in com in 1904, 
oats 1905, wheat 1906, clover 1907 and timothy 1908 with the same 
crop sequence from that date forward, yields being available up to 
and including the wheat crop of 1921. The com, oats, and wheat 
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have each been fertilized with acid phosphate and muriate of potash in 
amounts per acre totaling, for the period, 1,280 pounds of the former 
and 1,040 pounds of the latter. The west half of this plot was 
limed in 1904 and has been relimed as needed since. The east half 
of the plot has not received any lime. The following table gives 
the actual yields of crops for the period and the estimated number 
of pounds of nitrogen contained in them, calculated on the acre 
basis. 

Table 2. — Estimated nitrogen content per acre of crops removed — phosphate 
and potash treated plot — Wooster, 1905-21. 

West half East half 

limed. unlimed. 


Yield, Nitro Yield, Nitro- 
Fre- hundred gen, hundred gen, 
Crops. queney. weight, pound, weight, pound. 

Com 4 126.3 190.3 84.3 126.9 

Stover 4 83.8 68.2 64.8 52.7 

Oats 4 75.5 152.0 63.6 128.1 

Straw 4 102 .1 59.3 87.5 50.8 

Wheat 4 64 5 ,127.4 44 -7 88.4 

St raw 4 100.6 53.1 61.2 32.3 

Clover 3 97.1 210.5 33.5 72.7 

Timothy 3 129.9 109.2 71.2 59.9 

Totals 779.9 970.0 510.8 61 1. 8 


In estimating the nitrogen content of the crops removed, the 
average analyses of crops as reported by the Chemistry Laboratory 
of the Ohio Agricultural Experimental Station were employed. 
Ames, Boltz and Stenius (2) have shown, in a study of wheat samples 
selected from the several plots receiving various fertilizer treatments, 
that the nitrogen content of the wheat from the plot receiving phos- 
phate and potash salts was only approximately 90 per cent of the 
average. Using this factor on all of the crops, the above figures 
for nitrogen would have to be corrected to 873 and 550 respectively. 

On examining the records of the analyses of soil, it is found that 
this plot was sampled in 1907 and 1912. On request, Ames resampled 
the plot in 1921. The records of these analyses are given below: 

Table 3. — Estimated nitrogen content per acre of Wooster soil — phosphate and 
and potash treated plot. 

Dates. 

19 °7 

1912 

1921 


West half 
limed, 
pounds 
per acre* 
2000 
2060 
1846 


East half 
unlimed, 
pounds 
per acre* 
i860 
1680 
1660 


* On basis of 2,000,000 of surface soil. 
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The 1921 sample shows a reduction in nitrogen. To be strictly 
comparable to the samples chosen in 1907 and 1912, the sampling 
should have been delayed to 1922 which is the year in which the 
clover crop is being grown, the sampling having always followed 
the removal of the clover crop. Assuming the usual benefit supposed 
to be derived from a good crop of clover on well fertilized and limed 
soil, it would again seem reasonable to believe that the nitrogen 
content of the limed soil was being maintained at approximately a 
constant level approaching 2,000 pounds per acre. The point 
of equilibrium in the unlimed soil under the conditions of the test 
was apparently reached at a point approximating 1,650 pounds of 
nitrogen. 

Accepting this assumption, it would appear that nitrogen accumu- 
lation since 1904 had been proceeding on the limed end of this plot 
at a rate of 58 pounds per acre per year. To this must be added 
that which was lost in the drainage. From this must be subtracted 
that secured from the rainfall. Ames reports from 6 to 7 pounds 
per acre annually in the rainwater. That lost in the drainage will 
never be known. The lysimeter tests at Cornell would indicate 
that it was not in excess of 3.4 pounds per acre. From data reported 
by Dole and Stabler (10) and by Clarke (8) it is possible to check 
the accuracy of the lysimeter test as applied to large areas of land 
in Ohio. From their data, the amount of nitrogen in the Miami 
River above Dayton, in the limestone area of Ohio, as determined 
for the year 1906-07, indicated an annual acre loss from the soils 
of that watershed amounting to 4.4 pounds per acre. Similarly 
in the Muskingum River above Zanesville, in the sandstone and 
shale area of Ohio, the nitrate nitrogen amounted to 1.13 pounds 
per acre as applied to the entire watershed. The percentage of culti- 
vated land is considerably higher in the watershed of the Miami. 
This is also true of the nitrogen content of the soil. By this method 
of calculation the estimated loss would at least not be too high. The 
results of the calculation indicate that on the whole the soil is rather 
economical with its nitrogen supply, as the lysimeter tests indicate, 
and that the loss in this manner has not kept pace with the gain in 
the rainfall. 

White (32) reports analyses of the soil of two plots (15 and 24) 
of the fertilizer series on the Pennsylvania State College Farm, 
Plot 24 is one of the check plots, while plot 15 has been receiving 
phosphate and potash fertilizers. The rotation followed has been 
com, oats, wheat, and clover. Subtracting the crop yields of 
the check plot from the phosphate and potash plots and calculating 
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the nitrogen removed in these increases gives an estimated total 
of 605 pounds per acre for the 35 year period. 

Analyses of the soils show a nitrogen content of 0.130 per cent 
for that of plot 15 and 0.1525 per cent for that of plot 24. Assuming 
a weight of two million pounds per acre, gives a difference of 450 
pounds per acre in favor of 'the phosphate and potash plot. This 
makes a total of 1,055 pounds of nitrogen unaccounted for. Either 
the larger crops produced from the use of fertilizer conserved the 
nitrogen of the soil more successfully or a nitrogen fixation which 
may have amounted to an average of over 30 pounds per acre per 
year was in progress. 

The recent report of the nitrogen content of the soil on the plots 
of the fertilizer series at the Missouri station (28), after 25 years of 
cropping, is significant as indicating the tendency of certain crops 
to economize on the soil nitrogen. As would be expected from Lyon 
and Biz zell’s conclusions, the nitrogen content under continuous 
cropping was maintained at the highest level on the timothy plots, 
second on the oats and wheat plots and third on the com plots. 
Incidentally these results also indicate that considerable nitrogen 
fixation must have occurred in the soil of the rotation series plots 
where no fertilizers were used, otherwise the nitrogen content in 
the soil should have been very greatly reduced, as compared to the 
virgin soil, thru its removal in crops and in increased drainage losses. 
The actual loss recorded at the end of the 30 year period is given 
at only 10 pounds per acre foot below the 4,000 pounds in the virgin 
soil. 

The investigations of Swanson (31), in which analyses are reported 
of the soils of old alfalfa fields as compared to nearby native sod, 
have been quoted by several writers as indicating that the nitrogen 
fixation processes had shown no cumulative effect. The remarkable 
feature of the data is brought out when the quantity of nitrogen 
which must have been removed in the alfalfa crops harvested is 
taken into consideration. Evidently the point of equilibrium was 
reached at a nitrogen content which made the alfalfa .secure a large 
percentage of its nitrogen requirements from the soil air. This 
point of equilibrium occurred under Kansas conditions at an average 
of 3^50 pounds of nitrogen per acre seven inches of soil. 

SAMPLING FIELD PLOTS. 

There are certain well recognized difficulties involved in such 
methods of study, which throw doubt on the quantitive accuracy 
of the conclusions drawn. The method of sampling plots has never 
been standardized. Samples of soil selected from field plots in 
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the early days of already long continued tests could probably 
not have been duplicated, by the method of sampling then employed, 
even the same day. Bear and McClure (5) have recently made a 
detailed study of the nitrogen content of two plots of soil as it might 
have, been reported from a variety of possible combinations in the 
selecting of the composite for analysis. The plots were resampled 
a few days later and the results compared with those previously 
secured. Altogether 720 separate nitrogen determinations were 
made. The investigation ''showed conclusively that the sampling 
of a plot can be duplicated the same day with considerable accuracy 
if sufficient borings are taken and the same number and location 
of borings are again selected. In most cases the analyses were 
almost exact duplicates or varied only from 20 to 40 pounds per two 
million of soil. 

The selection of samples of soil after a period of years to corres- 
pond to those originally secured from the same plot is a difficult 
matter. Nevertheless, it seems to the writer that where plot areas 
are bordered with permanent sod strips or other precautions are 
taken to insure that the soil is confined to the original area, the 
difficulty is not insurmountable. Where plot treatments are begun 
and continued over long periods of time it seems highly desirable 
to measure rather accurately the quantitative outgo of 'not only 
nitrogen but also of other elements, as compared to the rate at 
which they are replaced. It must, of course, be recognized that 
certain movements of the soil itself or of substances in solution con- 
tinue to take place. The action of water, wind, earthworms, insects 
and other agencies, while perhaps relatively insignificant in any one 
year, in most cases, may over long periods of time effect considerable 
changes in the soil. In the study of the number of earthworms in 
the soil we have found them present, in plots of soil on the Ohio 
State University farm which were covered with bluegrass, in numbers 
averaging over one million per acre. These were concentrated, 
at the time the numbers were estimated, in July, ifi the upper foot 
of soil. A part of the nitrogen accumulation on the land allowed to 
run wild at Rothamsted may be due to the fact that these undis- 
turbed areas provided very convenient places for the concentration 
of the insect and animal population from nearby locations. 

It is well to remember, however, that Wilfarth’s original experi- 
ments showed that the entire nitrogen requirement of the lupin, 
under the conditions of the test, must have been taken from the air. 
This has been confirmed with other legumes when grown under 
laboratory control in the absence of all nitrogen save that in the seed. 
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It has also been very definitely established that the non-symbiotic 
organisms are not dependent, upon any combined nitrogen but can 
effect nitrogen fixation in media entirely free from this element. 
The addition of a nitrate usually increases the growth of the 
inoculated legume and results in a marked increase in the develop- 
ment of Azotobacter. Apparently the nitrogen fixation processes 
are not sufficiently rapid to supply the legumes or its associated 
symbiotic and non-symbiotic organisms with all of the nitrogen 
which they could utilize in their growth processes. The ratio of 
the quantity which must be supplied thru nitrification processes 
to that which the nitrogen fixing organisms can secure from the air 
undoubtedly varies with the different legumes and with the con- 
ditions under which they are grown. 

An examination of virgin soil will show that the largest quantities 
of nitrogen have been accumulated in swamps and in regions of 
rigidly cold and long winters. In either case, nitrification is practi- 
cally at a standstill while nitrogen accumulation from the rainfall 
and from the fixation processes, while slow, may continue. These 
accumulations may represent vast expanses of time so that the 
quantity added each year may have been relatively small. The 
agriculturist is interested in nitrogen economy under conditions 
suitable to the growing of field crops in which case both the nitri- 
fication and nitrogen fixation processes are in operation with an 
equilibrium which may be established at any number of different 
points depending upon a variety of factors. 


CONCLUSIONS. 

The point of equilibrium between nitrogen income and outgo in 
soils varies with many factors. Temperature, rainfall, soil reaction, 
cropping system, fertilizer treatment and soil texture are some of 
these factors. In northern latitudes with a cool climate, the nitri- 
fying process is slower but there is undoubtedly a corresponding 
reduction in the rate of nitrogen fixation. In southern latitudes 
nitrification is more rapid and, with indifferent cropping systems, 
the total nitrogen content of the soil may be reduced to a very low 
point. With the adoption of suitable rotations, accompanied by a 
logical fertilizer program, nitrogen fixation processes are likely to be 
sufficiently rapid to compensate for the greater loss of nitrates in 
the drainage. With rather ordinary farming methods, nitrogenous 
fertilizers are likely to be more effective in Michigan, Wisconsin and 
the Dakotas or in Florida, Louisiana and Texas than they are in 
Ohio, Illinois and Iowa. 
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As the soil reaction becomes increasingly acid the rate of nitri- 
fication is reduced. Here again a corresponding reduction in nitro- 
gen fixation is likely to occur. In such cases it may be possible, by 
the selection of a legume crop which is not so sensitive to acid soil 
conditions, to actually accumulate nitrogen more rapidly than 
would be possible if conditions favored rapid nitrification. The 
accumulation of nitrogen is not so important, however, as that it 
be usable and the conditions for crop growth are usually best satis- 
fied when the nitrification and fixation processes are both rapid and 
properly balanced. 

Judging from laboratory tests the most rapid combined fixation 
will occur under conditions in which the soil is kept neutral or slightly 
alkaline in reaction and in which the crop rotation has included 
regularly a legume crop which has been stimulated to large growth 
thru the use of phosphate and potash fertilizers. As the quantity 
of nitrogen in the soil increases a point will finally be reached at which 
the losses sustained equal the lessened rate of fixation due to the 
tendency of the nitrogen assimilating organisms to take the path of 
least resistance in their search for this element. 

The division of nitrogen-fixation between the symbiotic and non- 
symbiotic groups cannot readily be estimated. The evidence 
indicates, however, that the non-symbiotic processes are responsible 
for a considerable part of the nitrogen fixed under field conditions. 
This does not mean that they are any more efficient but that they 
have the advantage of the time element since they are assumed to 
be more or less constantly at work while the legume organisms 
cannot function to best advantage except in the presence of their 
host. Apparently the Azotobacter are more seriously disturbed by 
acidity than most of the nodule organisms. Under these con- 
ditions their function may be taken over by certain nitrogen assimi- 
lating molds which find a favorable environment in acid soils. 

Under what might be considered average cropping systems, the 
nitrogen gains and losses in the average soil in the latitude of Ohio 
apparently come to equilibrium at a nitrogen content of about 
2,000 to 3,000 pounds per two million of surface soil. Fluctuations 
above or below this quantity are dependent largely upon the climate 
and upon the attention which the problem receives at the hand 
of the farmer. The use of phosphate and potash fertilizers apparently 
enable the nitrogen fixing organisms to .satisfy the nitrogen require- 
ments of larger crop yields, but if the crops are removed the point 
of equilibrium in the soil is disturbed but little. If there is an 
accumulation of phosphorus either as a result of its application or 
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for any other reason, the point of equilibrium will be raised to 
correspond to the increased content of this element. The only 
correlations with the nitrogen content which have been established 
are those of the content of phosphorus and of organic matter in 
soils of the same type and under similar climatic and cultural 
conditions. 
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THE EFFECT OF FERTILIZERS ON YIELD AND MARKET 
CONDITION OF CORN. 1 

W. B. Ellett and T. K. Wolfe . 2 

In the application of fertilizers to the soil the primary object is 
usually to increase the yield of the crops. However, in some instances 
the fertilizers applied noticeably affect the crops in other ways than 
in increasing yield. These effects are usually classed as secondary; 
but they very often play an important role in crop production. It 
has been shown that certain plant nutrients decrease the winter- 
killing and Hessian fly injury to wheat. In the case of com some 
fertilizers hasten maturity, increase the percentage of marketable 
grain, and the proportion of grain to cob. 

The data presented in this paper were secured from a four year 
rotation experiment, from a continuous cropping experiment with 
com, and from a green manuring experiment. Various fertilizers 
have been applied as shown in the tables. The soil on which the 
experiments were conducted is a Hagerstown silt loam. The acid 
phosphate used was the commercial goods guaranteed to contain 
16 percent available phosphoric acid. However, analyses were made 
each year of all commercial fertilizers used. 

The rotation experiment was begun in 1909 and consisted of com, 
wheat, and clover and grasses two years. Each year all four crops 
were grown. The materials were applied annually unless otherwise 
stated. The data secured from this experiment are presented in 
Table 1. 

It is shown in Table 1 that phosphates and manure have increased 
the yield of grain. In case of commercial fertilizers lacking phos- 

1 Contribution from the Virginia Agricultural Experiment Station, Blacks- 
burg, Va. Received for publication, November 4, 1921. 

* Chemist and Associate Agronomist, respectively. 
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Table i.— The effect of fertilizers on the yield and marketable grain of corn in 
rotation , for the years IQ15 to 1Q20 , inclusive. 

Results compared in 

bushels per acre. Marketable grain. 



Average 

Increase 

Average 

Increase 

Fertilizer applications per acre, yearly yield. 

over check. 

percent. 

over check 

Acid phosphate, 438 pounds 

Dried blood, 308 pounds 

50.33 

13-56 

77.60 

11 .10 

Acid phosphate, 438 pounds 

Muriate of potash, 100 pounds. . . . 

} 59 . 09 

22.32 

83- 19 

16.69 

Acid phosphate, 438 pounds 1 

Muriate of potash, 100 pounds. . . . , 

1" 52.65 

15.88 

82.30 

15.80 

Muriate of potash, 100 pounds. . . . 
Dried blood, 308 pounds 1 

38 -39 

t 

1.62 

70.52 

4.02 

Muriate of potash, 100 pounds 1 

Dried blood, 308 pounds 1 

r 40.32 

L 

3-55 

65 75 

—.75 

Acid phosphate, 438 pounds J 

44.17 

32 . 80 

7.40 

— 3-97 

71.24 

61.16 

474 

5-34 

Dried blood, 308 pounds 

Manure, 16 tons before corn 

63.00 

26 . 23 

80. 18 

13.68 

Manure, 4 tons annually 

Manure, 16 tons before corn ) 

65-49 

28.72 

8343 

16.93 

Acid phosphate, 438 pounds annu- ! 

ally J 

Floats, 218 pounds 

f 70 9 > 

34- 14 

«3 36 

16.86 

40.46 

3 69 

68.08 

1.58 

Check ...... : 

36.77 


66.50 



phoric acid, the increase in yield has been small and there was actually 
a decrease when dried blood has been used alone. It can be seen 
also that acid phosphate has given a larger increase than has floats 
or ground phosphate rock. It seems that organic matter and 
phosphates are the chief limiting factors of production under the 
conditions of these experiments. There were two checks used in 
the test and the difference in yield was 4.43 ± 6.18 bushels. 

In case of marketable grain, as well as with yield, the materials 
which has given the most marked results are soluble phosphates 
and stable manure. The difference in the checks in regard to the 
marketability of grain was 10.13 dt 5.48 percent. 

The value of soluble phosphates in hastening the maturity of 
com has been shown by Brooks (i). 3 Hall (4), quoting from the work 
of Sir John Lawes, states that phosphoric acid stimulated root 
growth and the propensity of plants to tiller. Grantham 
(3) emphasizes the value of phosphoric acid in increasing the tendency 
of wheat to tiller and the effect of tillering on the yield of the plant. 
Wolfe (5) has found that phosphates, lime and stable manure increase 
not only the yield but the percentages of marketable grain, grain 
to cob, and matured ears of com when the crop was grown in rotation 
and under continuous cropping conditions. It seems that the right 
proportion of nitrogen, phosphorous and potassium is more important 
3 Reference by numbers is to 44 Literature cited.” p. 158. 
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in regard to maturity and growth than is any single element. Ellett 
and Wolfe (2) found acid phosphate and stable manure to be effective 
in increasing yield of wheat by lessening the injury from winter- 
killing and the Hessian fly. 

The continuous cropping experimental plots were started in 1908 
and have been planted to coni each year since that time. The 
applications of the different materials were made annually in the 
spring. The results in regard to yield and percentage of marketable 
grain are presented in Table 2. 


Table 2. — The effect of fertilizers on the yield and marketable grain of corn under 
continuous cropping , for the years 1915 to 1920 , inclusive. 

Results compared in 
bushels per acre. Marketable grain. 


Treatment. 

Acid phosphate, 600 pounds 

Acid phosphate, 200 pounds 

Floats, 99.6 pounds 

Thomas slag, 192 pounds 

Nitrate of soda, 100 pounds \ 

Acid phosphate, 200 pounds . ... j 
Acid phosphate, 200 pounds .... \ 
Sulphate of potash, 50 pounds. . / 

Nitrate of soda, 100 pounds t 

Sulphate of potash, 50 pounds.. . j 

Check 

Manure, 10 tons 

Manure, 10 tons 1 

Burnt lime, 1,200 pounds / 

Burnt lime, 1,200 pounds 

Nitrate of soda, 100 pounds 

Nitrate of soda, 100 pounds. ... 1 
Acid phosphate, 200 pounds ....)• 
Sulphate of potash, 50 pounds. . . J 
Check 


Average 

yearly 

yield. 

Increase 

over 

check. 

Average 

percent. 

Increase 

over 

check. 

29 . 66 

27 .38 
25 64 
22.19 

16.91 

14-63 

12.89 

9 44 

6793 

62.72 

62.81 

62.26 

37 38 
32.17 

3217 

3171 

28.87 

16. 12 

62.24 

31 69 

23.6I 

10.86 

58.97 

28.42 

14.78 

12.75 

53 -41 

2.03 

43 04 

30.55 

80.83 

12.49 

3124 

24 56 

57 09 

' 34 92 

80. 17 

23.90 

4304 

21.13 

20.87 
— 1 .04 

70.11 

56.39 

13 84 
■ 12 

41 .65 

19.48 

6514 

8.87 

22 . 17 


56.27 



The results secured from the use of 200 pounds of acid phosphate 
to the acre have been about equal to those secured from the use of 
600 pounds of this material. If the data are considered as a whole, 
it seems that 200 pounds of acid phosphate to the acre is about the 
proper amount for com under the conditions of the experiment, 
from the standpoint of profit. In the continuous cropping experi- 
ment, floats or ground phosphate rock, Thomas slag, and acid 
phosphate gave practically equivalent results when the materials 
were applied so as to supply amounts of phosphoric acid equal to 
that in 200 pounds of acid phosphate. 

The results of Table 2 indicate that phosphate, lime, and manure 
are important in increasing the yield and the percentage of marketable 
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grain in case of corn. When commercial fertilizers have been used 
without phosphate both the yield and percentage of marketable 
grain is lower. 

If the results secured from the use of the complete fertilizer and 
from the stable manure are compared, it will be found in the con- 
tinuous cropping test, that the stable manure has given both higher 
yield and higher percentage of marketable grain than has the com- 
plete fertilizer. The former material supplies annually approxi- 
mately 120 pounds each of nitrogen and potash and about 60 pounds 
of phosphoric acid. The complete fertilizer furnishes annually 
16 pounds nitrogen, 32 pounds of phosphoric acid, and 25 pounds of 
potash ; manifestly the stable manure supplied much larger quantities 
of these plant nutrients. Thus, the stable manure and the complete 
fertilizer results are not strictly comparable. It is difficult to esti- 
mate the proportion of the increase that should be attributed to 
the organic matter and the part to the additional plant nutrients 
in the stable manure. 

In the rotation experiment, the complete fertilizer and stable 
manure, four tons annually, gave practically the same percentage 
of marketable grain, but the latter produced the higher yield. In 
the complete fertilizer, there was supplied 40 pounds of nitrogen, 
70 pounds of phosphoric acid, and 50 pounds of potash. The 
stable manure supplied approximately 48 pounds each of nitrogen 
and potash and 24 pounds of phosphoric acid. These figures show 
that the stable manure and complete fertilizer added practically 
the same quantities of nitrogen and potash, but the former supplied 
only one third as much phosphoric acid. However, the data in 
Table 1 show that the average yield of the manured plot surpassed 
that of the complete fertilizer plot by 6.4 bushels. The percentage 
of marketable grain produced was approximately the same from the 
two treatments. Such results would indicate that the difference 
in yield may be attributed to the effect of the organic matter in 
the stable manure. It would also appear that applications of acid 
phosphate as heavy as made in this experiment are not necessary 
from the standpoint of remunerative returns. When acid phos- 
phate was added to a 16 ton application of manure the yield was 
increased by 7.91 bushels, as compared with 16 tons of manure alone; 
while the marketable grain was increased only 3.18 percent. The 
application of stable manure and acid phosphate gave an increase 
in yield of 11.82 bushels greater than the complete fertilizer, while 
the percentage of marketable grain from the two treatments were 
practically the same. The increase in yield from the 16 tons of 
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stable manure and acid phosphate, as compared with the complete 
fertilizer, is about twice that of the four tons of stable manure 
annually when the latter is compared with the complete fertilizer 
treatment. However, the amount of phosphoric acid applied in 
the stable manure and phosphate treatment is about seven times 
that supplied by the four tons of stable manure annually. Thus, 
it is evident that the increased yield from the former treatment is 
not profitable. This is to be expected if the law of diminishing 
returns is followed. 

The effect of green manuring on the yield and percentage of 
marketable com is shown in Table 3. This experiment was started 
in 1917 and includes three one-tenth acre plats. Com was grown 
each year on plats to which were applied acid phosphate at the rate 
of 400 pounds to the acre. On two of the plats a mixture of winter 
vetch and crimson clover was seeded at the last cultivation of the 
com. The third plat was left bare through the winter and serves 
as a check plat. The crop on one of the plats was cut each year, 
while the crop on the other crimson clover-vetch plat was turned 
under. The winters of 1917 and 1920 were very severe and the 
crops were failures. Hence, there was nothing to be turned under 
in the following springs The total amount of crops in the form 
of field cured hay removed the other two years was 838 pounds. 
This is equivalent to about 3500 pounds of green material. The 
data secured are presented in Table 3. 

Tahle 3. — The effect of green manuring on the yield and marketable grain of 
corn, for the years IQ17 to iy20, inclusive. 

Results compared in 
bushels per acre. Marketable grain. 


Treatment. 

Crimson clover and vetch cut off. . 
Crimson clover and vetch turned 

under 

Check 


Average 

Increase 

yearly 

over 

yield. 

check. 

42.67 

— - 4 > 

48.74 

5-66 

43.08 




Increase 

Average 

over 

percent. 

check. 

83.56 

— .14 

86.46 

2.76 

83.70 



The results shown in Table 3 indicate that the green manuring 
crop has had but little effect on the percentage of marketable grain. 
The effect on yield is more pronounced. It is interesting to observe 
that from the plats where the crops of vetch and crimson clover 
have been removed the yield and quality of corn has been maintained. 
In the rotation experiment, Table 1, it appears that the organic 
matter of the stable manure increased the yield of grain, but had 
little effect on the percentage of marketable grain as compared 
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with complete fertilizers treatment. This apparent effect of organic 
matter in the stable manure is substantiated by the results obtained 
with green manure as shown in Table 3. The green manuring 
crop has returned to the soil no plant nutrients, other than nitrogen, 
except those secured from the soil. Thus, a larger amount of the 
increase in yield from a green manuring crop can be directly 
attributed to the effect of organic matter than when stable manure 
is used. In the latter material the, plant nutrients introduce Com- 
plicating factors. 

The results indicate strikingly that the materials which increase 
the yield of corn are also those which increase the percentage of 
marketable grain. These materials are phosphates and stable 
manure. These same . materials have previously (2) been found to 
increase the yield of wheat and to reduce the injury from winter- 
killing and the Hessian fly. The soils of Virginia seem in many 
instances, to be markedly poor in phosphorus and organic matter 
as indicated by the increase in production of crops when these materials 
are applied. 

Thus, it seems that the materials needed to increase yield are 
also the ones which will improve the quality of the corn crop. 

In conclusion, the results of these experiments seCm to indicate, 
under the conditions which prevailed, that phosphates and stable 
manure are the most valuable materials used for increasing the yield 
and quality of the com crop. 

Organic matter, in the form of green manure as well as in the form 
of stable manure, has been valuable in increasing yield. 
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THE NITROGEN INVENTORY AS AFFECTED BY LIVESTOCK 
VS. GRAIN FARMING . 1 

C. G. Williams . 2 

In 1910 the Ohio Station began an experiment of comparing livestock 
with grain farming on the silt loam soil of Wooster, Ohio. The 
rotation followed is corn, soybeans, wheat and clover. In the 
livestock system, all the crops grown except wheat are either fed to 
livestock, or passed into the manure as bedding, and the manure 
made from the four crops is applied to the succeeding com crop. 

In the grain farming the com, soybeans and wheat are removed 
and sold; the stover and straw are left upon, or returned to, the 
land; and the clover is not harvested but allowed to stand until 
plowed under the following spring. No livestock is fed in the grain 
farming system. 

Each tract receives two tons of ground limestone and 700 pounds 
of 16 per cent acid phosphate per acre, per rotation. 

THE CROP YIELDS. 

It will perhaps be of interest to note the average yield of crops 
under the two systems. 

Eleven crops of corn have been harvested, with the following 
average yields: In the livestock system 67.90 bushels per acre: in 
the grain farming 61.18 bushels per acre; a gain of 6.72 bushels in 
favor of the livestock farming. The average yield of stover in the 
livestock system has been 3,100 pounds per acre. The stover has 
not been harvested in the grain farming but may be estimated at 
2,790 pounds. 

The 10-year average yield of soybeans has been 21.04 bushels in 
the livestock, and 18.39 bushels in the grain farming. Of straw, 
2,043 pounds in the livestock and 1 ,802 pounds in the grain farming — 
a gain of 2.65 bushels of beans and 241 pounds of straw in favor of 
the livestock farming. 

The average yield of wheat has been 34.61 bushels in the livestock 
and 30.42 bushels in the grain farming. Of straw, 3,158 pounds in 
livestock and 2,617 pounds in the grain farming — a gain of 4.19 
bushels of wheat and 541 pounds of straw in favor of livestock 
farming. 

1 Paper read at the meeting of the Society held at New Orleans, La., November 
7 » 1921. 

2 Director, Agricultural Experiment Station, Wooster, Ohio. 
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The average yield of clover in the livestock farming has been 2.23 
tons per acre. As the clover is not harvested in the grain farming, 
the yield can only be estimated. If it bears the same relation to 
the livestock yield as in the other crops of the rotation it has yielded 
1.95 tons per acre, or a difference of 560 pounds per acre in favor of 
the livestock farming. 


THE NITROGEN INVENTORY. 

In view of the good applications of phosphorus and calcium car- 
bonate in each system, it is perhaps fair to presume that the larger 
yields under the livestock system are due in the main to larger 
supplies of nitrogen available for crop production. 

It may be of interest to compare the nitrogen intake and outgo 
in the two systems of farming with the actual nitrogen found in 
the soil as sampled and analyzed in July, 1921, 11 years after the 
experiment was started. 


LIVESTOCK FARMING. 


The loss of nitrogen per acre, per rotation in the crops grown in 
the livestock system is as follows : 


Crop 

Corn 

Stover 

Wheat 

Straw 

Soybean crop. 
Clover crop . . 


Lbs. 


Amount 

nitrogen 

67.9 bu 

66.92 

3 , 100 lbs 

25 23 

34.61 bu 

41.01 

3,158 lbs 

16.67 

m 

40 . K 2 

(i) 

65.01 


Total 255.36 


The gain of nitrogen per acre, per rotation, in the livestock system 
is as follows: 

Lbs. nitrogen 


14.46 tons of manure 217.48 

Soybean roots and stubble 12.15 

Clover, second growth and residues 97 51 


Total 327.14 


Net gain per acre, per rotation, 71.78 pounds of nitrogen. 
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GRAIN FARMING. 

Similarly, the loss of nitrogen in the grain farming is as follows : 

Lbs. nitrogen 


Com (grain) 60.30 

Wheat (grain) 36.05 

Total 96.35 


(The soybean residues amount to more than the nitrogen taken 
from the soil.) 

The gain in nitrogen is as follows: 


Lbs. nitrogen 

Soybean crop > . . . 1 1 . 16 

Clover crop (§) 117.02 


Total 128.18 


Net gain per acre, per rotation, 31.83 pounds of nitrogen. 

On the basis of these figures, some of which are only estimates, 
the livestock system leads the grain farming by 39.95 pounds of 
nitrogen per acre, per rotation. 

As previously stated, nitrogen determinations were made in July, 
1921, of each of the four sections in both systems, 40 borings being 
made for each sample with the following results : 

Pounds of Nitrogen Per Acre ( 2,000,000 Pounds Soil) 


Section. 

Crop 

Livestock 

system. 

Grain 

system. 

A 

Com 

2 ,140 

2 ,000 

B 

Clover 

1 ,900 

1 ,800 

C 

Wheat (stubble).. 

2 , 100 

2 ,000 

D 

{Soybeans 

2 ,220 

2 ,090 

2 , 100 

Average 


1 .975 


Gain for livestock, 1 1 5 pounds of nitrogen per acre. 

There has apparently been an accumulation of 115 pounds of 
total nitrogen more per acre in the livestock farming than in the 
grain farming, in addition to an average annual increase in crop 
production, which would call for 6.4 pounds of nitrogen per acre. 

The balance in favor of livestock farming, as determined above, 
is 39-95 pounds per acre, per rotation, or an average annual balance 
of 9.99 pounds. If this balance could be accumulated for the 1 i-year 
period it would amount to 109.89 pounds, or within 5.11 pounds 
of the excess found in the soil 
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In conclusion : comparing the two systems of farming as conducted 
in the experiment in question, it appears that the livestock system 
results in slightly larger yields of crops year by year, and in a moderate 
increase in the nitrogen content of the soil. 

AGRICULTURAL AND COMMERCIAL VALUES OF NITROG- 
ENOUS PLANT FOODS . 1 

A. W. Buair. 2 

By agricultural value, we may understand the value as measured 
by the increase in crop yields when results secured by different 
nitrogenous materials are compared with some one material taken 
as a standard. By commercial value, we would naturally understand 
the selling price of the different materials on a unit basis. One 
would suppose on first thought that commercial values would vary 
directly with the agricultural values. As a matter of fact, the 
situation may be just the opposite. If a nitrogenous raw material, 
or fertilizer, is high in price it does not necessarily follow that it 
will give high agricultural returns when compared with other 
materials. 

It is highly desirable that such a relationship should exist, but 
there are certain reasons why it has not been so in the past, at least. 
A nitrogenous material may have a characteristic, or property, which 
is supposed to give it an advantage, or a disadvantage when compared 
with some other nitrogenous material. 

To cite two examples: there was a time when some farmers 
believed that chemical salts like nitrate of soda had a stimulating 
effect which in the end was harmful to the soil. On the other hand, 
others have been inclined to assign an extra high value to organic 
nitrogenous materials on account of the organic matter which they 
supply, and also on the ground that they were believed to have 
more lasting effects than the soluble salts. 

During the past quarter of a century the problem has been widely 
studied by both European and American investigators. These 
studies have thrown new light on the problem, and have cleared up 
a number of disputed points. 

Nearly three quarters of a century of work at the Rothamsted 
experiment station has shown that chemical salts may be used 

1 Paper No. 87 of the Journal Series, New Jersey Agricultural Experiment 
Stations, Department of Soil Chemistry and Bacteriology; read at the meeting 
of the Society held at New Orleans, La., November 7, 1921. 

* Associate Soils Chemist, New Jersey Agricultural Experiment Station, 
New Brunswick, N. J. 
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continuously without injury to the soil ; it has also been shown that 
the increased yields thus secured result in increased crop residues 
which go a long way towards maintaining the supply of organic 
matter in the soil. It has also been shown by carefully planned 
experiments which cover a period of 25 to 30 years, that organic 
nitrogenous fertilizers do not have more lasting qualities, when 
considered from a broad viewpoint, than the more quickly available 
mineral materials. 

It is the purpose of this paper to present in a brief way some of 
the results secured at the New Jersey experiment station, which 
have led to this latter conclusion. Field experiments in which 
different nitrogenous materials have been compared on one-twentieth- 
acre plots, have been carried on for 14 years, but since the last four 
years’ results have not been fully tabulated, the results for the 
first ten years only will be given. 

FIELD EXPERIMENTS — COMPARISON OF MINERAL AND ORGANIC SOURCES OF 

NITROGEN. 

Three plots have received annual applications of mineral nitrog- 
enous materials: that is, nitrate of soda, ammonium sulphate and 
calcium nitrate; while three others have received organic nitrogenous 
fertilizers, that is, blood, fish and tankage. The materials have 
been applied in such amounts as to give the same amount of nitrogen 
to each plot. Lime, phosphoric acid and potash have been applied 
in liberal amounts. 

A five-year rotation consisting of corn, oats (two years), wheat 
and timothy for the first five years and corn, oats, wheat and timothy 
(two years) for the second five years has been carried out. 

The results for the 10 years are summarized in Table 1. 

Table i. — A comparison of mineral and organic nitrogen in a 5-year field rotation . 

Average yield of 

Average yield of dry matter per acre, nitrogen per acre. 

1908-1912. 1913-^1917. 


Straw, Straw, 

Treatment. Grain, hay, etc. Grain, hay, etc. 1908-1912. 1913-1917. 

Pounds. Pounds . Pounds. Pounds . Pounds. Pounds. 

Mineral nitrogen 
(Ave. plots 9, 10, 

*0 1283 3163 848 2734 50.9 35.7 


Organic nitrogen 
(Ave. plots 13, 14, 

15) 1215 2519 812 2251 40.3 32.3 


From this it will be noted that, in every case, the mineral materials 
gave larger yields and larger nitrogen returns than the organic 
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materials. The differences are not great, but certainly they are 
sufficient to show that the organic materials do not have greater 
lasting properties than the mineral materials. 

In a comparison of nitrate of soda with fish and tankage in growing 
potatoes on a heavy loam soil, using 1,600 pounds of a 4 (NH 3 ) — 
8 (P20 6 ) — 3 (K 2 0 ) fertilizer per acre, the five-year average yields 


(all grades) are as follows: 

All nitrogen from nitrate ' 251 bu. per acre 

All nitrogen from fish 244 bu. per acre 

All nitrogen from tankage 241 bu. per acre 


In the same five-year test, when one-half the nitrogen was taken 
from nitrate of soda and one-half from ammonium sulphate, the 
average yield was 253.4 bushels per acre, and when half was taken 
from nitrate and half from either fish or tankage the yield was about 
257 bushels per acre. 

It will be noted that when nitrogen was obtained from two sources 
the yields were from two to 16 bushels higher than when a single 
source was used, but the yields with the best two-source mixture 
were only six bushels more than the yield with all the nitrogen 
coming from nitrate of soda, and only about three and, one-half 
bushels more than the yield with the nitrogen coming from sodium 
nitrate and ammonium sulphate, half and half. But the introduction 
of two percent of organic nitrogen added very materially to the 
cost of the fertilizer. 

CYLINDER EXPERIMENTS — GREEN MANURE AGAINST STABLE MANURE. 

During a period of 13 years, 1907-1919, inclusive, a comparison 
has been made between, nitrogen from stable manure used at the 
rate of 15 tons per acre once in two years and nitrogen gained through 
the growing of legumes, these being grown as a green manure crop 
without interfering with the main rotation. 

The work has been carried out in cylinders under natural weather 
conditions, by using a four-crop rotation consisting of rye, com, 
potatoes and oats, the four crops being grown every year, and the 
work repeated on eight types of soil. Lime, phosphoric acid and 
potash were added in liberal amounts. Com was harvested as 
forage and the other crops grown to maturity. 

The average yield of dry matter for the four crops (four cylinders) 
on the eight types of soil for the 13 ye^rs was 749 grams or 187^ 
grams per cylinder, for the green manure, and 542 grams or 135^ 
grams per cylinder for the stable manure. This is an increase for 
the green manure over the stable manure of 38 percent. 
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It is impossible to give an exact accounting of the cost of the 
two methods of furnishing nitrogen, but a fair approximation may 
be made. A fair estimate for the cost of the manure for the period 
covered would be $3.00 per ton. This would make the average 
annual application (seven and one-half tons per acre) cost about 
$22.50. It is very difficult to arrive at a figure to represent the 
average cost of putting in a legume green manure, but it seems safe 
to say that this would not exceed $6.50 per acre. The green manure 
method would, therefore, result in a saving of $10.00 to $12.00 per 
acre over the stable manure after making due allowance for the 
phosphoric acid and potash in the manure, in addition to the larger 
yields with the former. 

In the meantime, the soil in the green manure cylinders has been 
kept on a level with, and in some cases on a higher plane as 
to nitrogen content, than the soil of the stable manure cylinders. 

CYLINDER EXPERIMENTS — NITRATE OF SODA COMPARED WITH DRIED BLOOD. 

For a period of 20 years, nitrate of soda and dried blood have been 
compared in cylinder experiments on a loam soil in a five-year 
rotation of com, oats (two years), wheat and timothy. Lime, 
phosphoric acid and potash have been supplied in liberal amounts, 
so that a deficiency of these should not become a limiting factor. 
The average yields of dry matter, in grams per cylinder, and the 
percentage of nitrogen recovered have been as follows : 

Dry mat ter — grams. Per- 

^ * ' tentage, 

First Second nitrogen 
10 years. 10 years, recovered. 


Nitrate of soda 237 243 62.4 

Dried blood 207 185 38.7 


In the case of the nitrate of soda it will be noted that the yield 
for the vsecond 10-year period is greater than for the first, while with 
blood the reverse is true. The difference in the amount of nitrogen 
recovered is greatly in favor of the nitrate of soda. 

CYLINDER EXPERIMENTS — NITRATE OF SODA COMPARED WITH DRIED BLOOD IN 
A 50 % SAND AND LOAM-SOIL MIXTURE. 

During a period of nine years, nitrate of soda and dried blood 
have been compared as sources of nitrogen on a soil mixture, 50 
percent of which is coarse white sand. As in the other cases, lime, 
phosphoric acid and potash have been supplied in liberal amounts. 
Two crops have been grown each year, barley as the main crop, 
followed by buckwheat as a residual crop (Japanese millet one year); 
but the fertilizers were always applied for the barley. 
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The average yields of dry matter in grams per cylinder and the 
percentage of nitrogen recovered have been as follows: 

Percentage, 

of 

Dry matter — nitrogen 
grams. recovered. 

N itrat-e of soda 1 5 ^ * 1 58-2 

Dried blood 126.8 40 .4 

Of the applied nitrate nitrogen, 58*2 percent was recovered; 
and of the blood nitrogen, 40.4 percent; a difference in favor of 
the nitrate of nearly 18 percent. 

These cylinders were open at the bottom and exposed to natural 
weather conditions so that leaching due to the rainfall was not 
hindered in any way. Therefore, with the yield of dry matter and 
the nitrogen recovery both decidedly in favor of the nitrate nitrogen, 
over a period of nine years and with a soil 50 per cent of which is 
coarse white sand, there seems little reason for saying that the loss 
of nitrate nitrogen through leaching is greater than the loss of organic 
nitrogen from the same cause. If it were so, how could the crop 
yields be maintained over so long a period of years? It could hardly 
be an accident that in all these cases and during all these years the 
nitrate nitrogen gave larger yields than the organic nitrogen. There 
must be some virtue in the nitrate which the organic material does 
not possess. 

For the present we may pass over the reason for this difference, 
since here we are concerned primarily with what has actually 
happened or the relative effect of the two materials. 

COMMERCIAL VALUES. 

But the difference in yield is not the only question to be considered. 
Since 1903, nitrogen in the form of organic material has been sold 
at a higher price per unit than nitrogen in the form of nitrate of 
soda and sulfate of ammonia. However, it is not necessary to point 
out here how great the differences in price have been. It is enough 
that nitrogen in the organic materials has cost the farmer more than 
nitrate and ammonia nitrogen. At the same time in our experiments 
it has given no greater returns, and indeed in the majority of cases 
has given lower returns. 

A period of 20 years is certainly long enough to give a fair test 
of the residual effects of such materials, and it would therefore 
seem that we are not longer justified in saying that the organic 
nitrogenous materials have greater “ staying ” qualities than the 
soluble forms. 
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The loss of nitrate nitrogen on account of leaching must be con- 
siderable, otherwise the recovery would be much higher than these 
and other experiments have shown it to be (about 62 percent under 
most favorable conditions), but certainly it is not greater, under 
average conditions, than the loss from organic materials. 

It would appear that the crop’s ability to use the readily available 
nitrate early in its growth, and thus get an early and vigorous start, 
has much to do with the larger yields where nitrate was used. 

In conclusion it may be said that the aim of this paper is not to 
discourage the use of farm manures or organic nitrogenous materials, 
but rather to insist that their commercial values be made more in 
keeping with their agricultural values as shown by long time 
vegetation tests. 

A STUDY OF PRESENT AND FUTURE SUPPLIES OF 
FERTILIZER NITROGEN . 1 

S. B. Haskell . 2 

Adequate data showing present consumption of fertilizer nitrogen 
are not available. The best information lies in the reports made by 
the different components of the fertilizer industry, during the war, 
to the fertilizer administrator. At that time these reports were 
required. It is true that business conditions during the war were 
so abnormal as to raise a question as to the value of statistics 
accumulated during that period. The same thing, however, may be 
said of the three years which have elapsed since the close of the war. 
Therefore, rightly or wrongly, I have taken the year 1918 as a basis 
for estimating the consumption of fertilizer nitrogen. In all prob- 
ability the consumption during the present year is less than that 
indicated in the following table : 

CONSUMPTION OF FERTILIZER NITROGEN, 1918. 

Of the various methods of classification which may be used in 
studying the above table of consumption, one of the most significant 
is on the basis of origin, whether essentially a by-product in nature 
or otherwise. Classified in this way 64 percent of the fertilizer 
nitrogen used in the country in 1918 was a secondary product, 36 per- 
cent a primary product. The figures show how far removed is the 
fertilizer industry today from its original and primary function as 
a scavenger industry. 

1 Paper read at the meeting of the Society held at New Orleans, La., November 
8, 1921. 

* Director, Agricultural Experiment Station, Amherst, Massachusetts. 
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A second significant classification 1ms to do with domestic versus 
foreign origin. The only material in the whole list which is now 
imported in quantity is nitrate of soda. Previous to the war, sulfate 
of ammonia was likewise imported; but at the present time these 
importations are practically nil. Cyanamid comes from Canada; but 
to all intents and purposes this is domestic production. In 1918, 
32 percent of our nitrogen was imported, 68 percent produced in 
America. 

Theoretically all of the nitrogen produced in the country, particu- 
larly by-product nitrogen, should be used before making importa- 
tions to complete the available supply. This statement, however, 
cannot be made in dogmatic form, because nitrate of soda as a source 
of nitrogen has certain properties not found in other materials. It 
may be a better carrier under some conditions, or a poorer carrier 
under other conditions. It is this essential difference between the 
crop-producing values of the several carriers of nitrogen which makes 
probable some importations of nitrate, almost without regard to the 
supplies of domestic nitrogen available for use. 

But in order to get a true picture of the conditions of our nitrogen 
supply, it is necessary to go a step further and discuss the domestic 
nitrogen jn terms of primary and secondary products. 95 percent 
of the total domestic nitrogen is of by-product nature, with but 5 
percent ranking as a primary product. This classification is exceed- 
ingly important, since one of the economic functions of the fertilizer 
industry is to furnish a market for the waste products of a number 
of other industries. Any governmental policy having to do with the 
nitrogen supply, which fails to consider this relationship of the fertil- 
izer industry to other industries, is certain to cause difficulties of 
an economic nature. 

A final classification, and this time of agronomic significance, is 
that of form of nitrogen. Barring fruitless argument as to what 
constitutes organic or mineral nitrogen, it will be seen that approxi- 
mately one-half of the total supply of fertilizer nitrogen is from 
organic sources. The remaining half is usually considered to be in 
inorganic form, despite the fact that cyanamid, chemically, is an 
organic product. Of this second half, roughly five-eighths is a 
primary mineral product, nitrate of soda. Sulfate of ammonia is a 
by-product of manufacture. Ammonium phosphate and cyanamid 
are primary manufactured products. 

It is interesting to compare the 1918 consumption of nitrogen with 
that of 1913, five years previous. According to the report of the 
Federal Trade Commission, the consumption in the latter year totaled 
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16,859,874 units of ammonia. On this basis, the period from ’13 
to T8 saw an increase in consumption of fertilizer nitrogen of 7.8 
percent. In all probability this figure is much lower than would 
have been the case had the 1918 supplies of fertilizer nitrogen been 
larger. The limitations during that year were in quantity and not in 
demand. 

OUR FUTURE SUPPLIES. 

To plot the consumption of fertilizer nitrogen for past periods 
of record is easy. To calculate the increase in consumption period 
by period is likewise easy, as is also the labor of carrying out the 
curve estimating probable consumption in any year in the future. 
The real need for fertilizer nitrogen, however, is a function of popu- 
lation density and standard of living. The actual utilization of this 
nitrogen is dependent on the ratio between its cost and prices received 
by farmers for crops. The fulfillment of any prophecy regarding 
consumption is so dependent on world- wide conditions as to make 
such prophecy of doubtful value. The tariff policy of the United 
States will have a direct effect on the amount used. Should this 
policy handicap American producers in finding an export market, 
the total production of farm crops in this country will be less than 
would otherwise be needed — hence a slowing up in demand for 
fertilizer nitrogen. The labor policy, taxation policy, transportation 
conditions, — all of these have influence on a problem which is basically 
economic. Therefore, in place of estimating the future supply I 
must content myself with saying a few words on the limitations of 
each source of supply. 

THE BY-PRODUCT PACKING INDUSTRY. 

According to a representative of the Armour Fertilizer Company 
(page 71, Federal Trade Commission Report on the Fertilizer 
Industry), the amounts of tankages and blood recovered per animal 
slaughtered in the large abattoirs of the country are as follows: 


Table 2. — Pounds of by-products per animal. 

Con- 

centrated 

Tankage Blood, tankage. 

Cattle 12. 7. 6. 

Calves 2.4 .75 1.2 

Sheep 1.2 .5 .6 

Swine 4.8 1.2 2.4 


Applying these figures to the last year of record of the commercial 
slaughter in the United States, we have in sight the production of 
tankage equivalent to 223,415 tons; of blood, 89,054 tons; and of 
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concentrated tankage, 111,707 tons; supplying a total of 5,200,000 
units of ammonia. As a matter of fact this production will never be 
attained. The only present-day effective utilization of by-products 
is in the plants of the large packing houses. Municipal abattoirs 
seemingly have not been so constructed as to admit of the utilization 
of by-products. There is a question whether the installation of 
by-product plants for a business relatively as small as that of 
municipal abattoirs can be profitably made. 

As regards importations from the Argentine, I am not prepared 
to make statement. Data are too few to admit of a safe generali- 
zation. As regards the possibilities of increased production in this 
country, I cannot see how there can be any great increase in the live- 
stock industry of this country. United States census figures show 
a marked decline in animal units per unit of population from 1890 
to 1920. In the former year this ratio was 93, for 1910 it had 
decreased to 69, the 1920 figure indicates 65. These figures show 
that with increasing population, and correspondingly increasing need 
for fertilizer nitrogen, there will be a relatively decreasing supply of 
by-product materials of animal origin. Coupled with this is the prob- 
ability that in response to economic tendencies there will be an 
increase in utilization of tankage as feeding material; Digester 
tankage has been defined as “ any tankage that has been cooked in a 
tank with forty pounds live steam pressure ; that has been promptly 
pressed and dried so that the tankage will not become sour ; that does 
not contain hair, hoofs and other foreign material that are not gener- 
ally accepted as desirable carriers of protein/' According to the 
table presented above, slightly less than half of the high-grade tankage 
is now in use for feeding purposes, with but a small percentage of 
the low-grade tankage so used. There will always be fertilizer tank- 
age made in slaughter houses ; but the indications are that more and 
more of this material will be used as animal food. This is in accord 
with the dictates of sound economy. It means, however, that we 
must look elsewhere for sources of nitrogen having the properties 
usually ascribed to animal organic substances. . ' 

FISH BY-PRODUCTS. 

The conclusion regarding the supply of fish waste as fertilizer 
material must be much the same as that for animal organic products 
in the packing houses. There can doubtless be increased conservation 
of these by-products; but when one remembers that many of the 
fish caught are dressed at sea, with the waste thrown overboard, and 
that the cost of recovery in small plants is very much greater than it 
is in large plants, a question is naturally raised as to whether the 
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future will see greater supplies than are available at present. The 
very least that can be said is that in the period from 1912 to 1920, the 
only period which, is available for study, not only was there no increase 
in the supply of fish by-products, but there was apparently an actual 
decrease. Perhaps this may be summarized by saying that the only 
factor which will bring about increased supplies of fish waste as a 
source of nitrogen is high-priced nitrogen. 

VEGETABLE AMMONIATES. 

In 1918 cottonseed meal supplied slightly less than one-fourth of 
the entire supply of fertilizer nitrogen in the United States. The 
great bulk of this was, of course, used in the South, in the place 
where it was produced, with relatively small quantities going north 
to be used as tobacco fertilizer. Fundamentally, every pound of 
undamaged cottonseed meal which goes into fertilizer is partially 
wasted. It should be fed. If the campaign, favored by the United 
States Department of Agriculture and ably supported by the different 
states of the South, for a more vigorous live-stock industry in the 
South is successful, it is probable that increasing quantities of cot- 
tonseed meal will be consumed as animal feeds year after year in 
the South. Furthermore the continued development of the dairy 
industry in the North will likewise cause increased quantities to be 
consumed directly as feed. The tendency therefore in the future 
must be towards decreased supplies of this by-product to be used as 
fertilizer. Other vegetable ammoniates are scarcely a factor in the 
market, except locally. As far as can be seen, there is no probability 
of large increase. 


MISCELLANEOUS ORGANIC PRODUCTS. 

There are four other sources of nitrogen which have more than 
local importance, at least for purposes of discussion. These include 
(1) leather waste, wool waste, etc.; (2) garbage tankage ; (3) peat; 
and (4) sewage. 

The utilization of leather and wool waste was in years past held 
back through question of the value of these materials as carriers of 
nitrogenous plant foods. The use of acid and heat in processing 
these materials has largely removed this objection to their use. The 
future, however, holds no promise of any greatly increased supplies. 

As far as garbage tankage is concerned, continued development is 
dependent on the possibility of profitable production of the main 
product of garbage extraction, namely, grease in its various forms. 
It is stated that the installation of local reduction plants so equipped 
as to render possible the final production of garbage tankage must 
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be confined to cities of not less than 100,000 inhabitants. On this 
basis, the total maximum supply which may be expected from this 
source in the cities lying east of the Great Plains will be approximately 

1.500.000 tons of garbage annually, from which approximately 200,000 
tons of tankage can be produced, supplying a grand total of not more 
than 675,000 units of ammonia. This maximum, however, will not 
be attained in the near future, if ever. 

Another potential source is peat. Barring the possibility of develop- 
ing a biological process whereby the nitrogen of peat may be made 
available as a food for plants, there is no great hoj>e in the present 
outlook. In the dim and far distant future it may be used as a 
source of fuel gases, with ammonia as one of the more prominent of 
the by-products. The only thing which can hasten this develop- 
ment, however, is the coming of high-priced nitrogen. The 
need of the country today, however, is for low-cost fertilizer nitrogen. 
For the present, therefore, peat, and likewise sewage, may be dis- 
missed from consideration as significant sources of this important 
plant food. 

Apparently, as far as one can see, the fertilizer industry of 
tomorrow must depend more largely on inorganic nitrogen than it 
has in the past. This may necessitate changes in certain of the 
manufacturing processes in the making of fertilizer, and likewise 
changes in the field practice in the use of fertilizer. Unless nitroge- 
nous sources develop entirely different from any known today, how- 
ever, these changes will be forced through sheer inability to obtain 
sufficient supplies of nitrogen in organic form. 

SULFATE OF AMMONIA. 

Ammonium sulfate is at present our largest single source of 
domestic-produced nitrogen. The United States now produces a 
supply sufficient for home use, together with a rather material margin 
for export. Thus, in 1920, the production in round numbers was 

500.000 tons, containing 12,143,291 units of ammonia, or sufficient 
to furnish two-thirds of the quantity of fertilizer nitrogen used by 
the entire country in 1918. 

No official data are available showing exports for 1920. From 
May on, however, 66,714 tons were exported. For the first eight 
months in the current year, the export was 41,760 tons. Previous 
to 1919, however, very little was sent out of the country. It is inter- 
esting in this connection to note that the present production of sulfate 
of ammonia is equal to two and one-half times that which was pro- 
duced before the war. The Muscle Shoals plant No. 2, or “ Cyana- 
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mid Plant ”, has a rated capacity equal to 40 percent of the by- 
product coke industry. Later on the question will arise as to 
whether the country can consume this tremendous supply of a single 
source of ammonia. 

As is well known, the supply of nitrogen in the bituminous coal 
deposits of the country is very great. As an average about 20 
pounds of nitrogen are contained in every ton of bituminous coal 
mined; but in 1913 only one-fourth of the coal coked was in ovens 
equipped for by-product manufacture, producing as one among many 
products, sulfate of ammonia; while in 1920, 60 percent of the coal 
coked was in by-product ovens. 

It is interesting in this connection to note the variation year after 
year in the production of coal coked in the bee-hive ovens, as compared 
to the approximately constant production of coke from by-product 
ovens. The following table shows this variation, and also indicates 
the relatively enormous increase in the production of sulfate of 
ammonia from by-product coke ovens. From 1910 to 1915 th** 
increase was rather slow absolutely, although as large relatively as 
it is from 1915 to 1920. Should the production of ammonium sulfate 
continue to increase in the geometrical progression illustrated in the 
two half decades shown in the table, the amount would soon be so 
great as to stagger the imagination, Naturally nothing of this sort 
can be expected. 

Table 3. — Bituminous coal coked , 1910-1920 .* 

By-product coke Bee-hive coke 

Year Quantity Percentage Quantity Percentage Total 

(short tons) of total (short tons) of total 


1910 7.13*4,734 17.12 34,570,076 82.88 41,708,810 

19H 7 ,847 ,845 22.07 27,703,644 77.93 35.551.489 

1912 11,115,164 25.27 32,868,435 74.73 43.983.599 

1913 12,714,700 27.46 33.584.830 72 54 46 . 299.530 

I 9 H 11 . 219.943 32 47 23.335,971 67.53 34 . 555.914 

1915 14,072,895 33.8 27,508,255 66.2 41,581,150 

1916 19,069,361 35.0 35,464,224 65.0 54.533.585 

1917 22,439,280 40.4 33.1 6 7 548 59 6 55.606,828 

1918 25.997,580 46.0 30,480,792 54.0 56,478,372 

1919 25.143,542 56.1 19,650,000 43.9 44,793,542 

1920 30,908,000 60.0 20,980,000 40.0 51,880,000 


The great bulk of the sulfate of ammonia produced in this country 
comes from the by-product coke oven. Few of our municipal gas 
plants produce ammonia as a by-product. This contrasts rather 
8 Years 1910-1914: From “ Mineral Resources of the United States,” 1914. 
Years 1915-1920: From ** Mineral Resources of the United States in 1920 ” 
(Preliminary Summary). 
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strongly with German and English practice, in which such production 
is customary. There ,is a possibility that the limit of erection of 
by-product ovens has already been reached. Ovens of this kind 
must be operated continuously day and night, and cannot be shut 
down as may be dictated by fluctuations of the steel industry. On 
the other hand, the time may come when coke as a smokeless fuel 
must take the place now held by anthracite. Certainly, the waning 
supplies of anthracite coal give grounds for this supposition. Despite 
the enormous increase in the amount of coal now being coked in 
by-product ovens, the waste inherent in the consumption of bitumi- 
nous coal in other ways is enormous. The end of possible production 
of ammonium sulfate has not nearly been reached. 

ATMOSPHERIC NITROGEN. 

Atmospheric nitrogen, as fixed in electro-chemical ways, is a 
primary product made possible through the commercial sale of power. 
Its cost depends first on the capital invested in the plant and 
machinery, and secondly on capitalization of power privileges, patent 
rights and the like. Up to date there is but one plant in the country 
furnishing any quantity of fixed nitrogen per year, this being that 
of the American Cyanamid Company with its plant at the Canadian 
side of the ( Niagara Falls. Its rated capacity is 72,000 tons annually, 
of which between 40,000 and 45,000 tons go into fertilizer, with the 
balance entering the manufacture of such products as cyanide, ammo- 
phos, etc. Running at full capacity, therefore, the plant of the 
American Cyanamid Company is now equipped to supply us with 
one-twenty-fifth of the 1918 consumption of fertilizer nitrogen. 

To date cyanamid is the only product of the fixation of atmospheric 
nitrogen which gives great promise commercially. The basic reason 
for this lies in economical utilization of power. According to 'C. G. 
Gilbert (Smithsonian Institute Special Bulletin, 1916), 

11 The arc method of nitrogen fixation requires from 2.75 to 3 horse power 
years of electric power per ton of nitric acid yield. The cyanamid process, on 
the other hand, carried through only to the nitric acid stage, has a power cost 
of approximately one-half horse power year per ton of nitric acid. The labor 
costs in the two competing methods are practically equal. The raw material 
cost may be somewhat greater by the cyanamid method, but not enough larger 
to counterbalance the very great advantage in cost of power under which it 
operates/' 

The final product, however, is in a form which may best be utilized 
through mixing with other materials. Attempts at the direct applica- 
tion of the product have not been satisfactory. There is a question 
as to how much more of this material can be utilized directly on 
American farms. 
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In addition to the plant of the American Cyanamid Company, we 
have the great plant at Muscle Shoals, of which unit No. 2 is equipped 
for the manufacture of cyanamid. Should Congress authorize the 
use of the Muscle Shoals plant No. 2, it is estimated that by 1924 
approximately 45,000 tons of nitrogen can be produced, gradually 
increasing to 55,000 tons by 1934. This would be equivalent to 
6,678,810 units of ammonia, or one-third of the 1918 consumption 
of fertilizer nitrogen. 

Whether the Haber process or any method of commercial nitrogen 
fixation other than the cyanamid process can be economically utilized, 
is a question which cannot now be answered. Data are too few and 
too untrustworthy to admit of answer. 

NITRATE OF SODA. 

The consideration of nitrate of soda has purposely been postponed 
until the last, on the somewhat erroneous supposition that all domestic- 
produced by-product materials would be utilized previous to import- 
ing a primary mineral product from abroad. That this assumption 
will not always hold has already been shown. Practically, however, 
we may look to nitrate of soda to balance any deficit between domes- 
tic production and desired consumption. As to the future supplies, 
no estimate is presented. Surveys have always been incomplete and 
more or less unreliable. Reports indicate that year after year lower 
grades of caliche have been mined. This indicates probably increased 
efficiency in manufacture rather than approaching depletion of the 
deposits. Along with this change in quality of the crude mineral, 
however, has come an increasing overhead tax imposed by the Chilean 
government, it is difficult to measure the absolute amount of this 
tax, because of the fluctuations, almost daily fluctuations in fact, in 
exchange. Gilbert estimates it at approximately $11 per long ton. 
Probably the most that can be said today is that there is no present 
evidence of serious depletion of nitrate supplies. 

THE ECONOMIC AvSPECTS OF THE PROBLEM. 

The production of fertilizer nitrogen is economic only when the 
product may be economically used. To find its largest usefulness the 
product must be offered at a price which will admit of clear recog- 
nition of profit. Just so long as the matter of profit is a subject of 
fruitless argument, will the use of nitrogen tend to be retarded. The 
extension of the use of this plant food should come through the 
competition of product for a market rather than through the com- 
petition of the market for the product. The one leads to low prices 
and economical business administration, the other to high prices 
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with attendant extravagant and wasteful business administration. 
With conditions as they are today, not modified by government inter- 
ference in industry, the commodity competes for the market. Second- 
ary, or by-product nitrogen, competes with primary nitrogen, with 
the balance of the argument seemingly in favor of the former ; for, 
as stated by Washburn, 

“A by-product cannot be driven out of the market by competition, nor is 
the quantity in which it is produced determined by the demand for it. It must 
be produced without relation to the demand, and it must be sold without any 
relation to the cost.” 

SUMMARY. 

The most salient aspects of our nitrogen problem are: a probably 
decreasing supply of organic nitrogen ; a present greatly increased 
supply of by-product inorganic nitrogen with indefinite potentialities 
for enlargement ; a maintenance for an uncertain but probably long 
period of years of the production of primary mineral nitrogen; and 
in the future, a possible greatly enlarged supply of primary manu- 
factured nitrogen, produced by transforming power resources into 
fertilizer ammonia. 

From the viewpoint of the economic aspects of the problem, there 
are three enormous wastes. The first is the waste of the resources 
of human life, brought about by the annual consumption of count- 
less hours of human labor spent in the fruitless tilling -of soils, the 
product of which is seriously curtailed through lack of nitrogenous 
plant food. The second is the waste of the kinetic energy of falling 
water. The third is the waste of the nitrogen resources of our 
enormous carboniferous deposits through destructive and wasteful 
utilization of bituminous coal. The resultant of these three negative 
forces is seen in increased hours of daily labor necessitated on the 
part of one or more components of our population — for the bread 
which the nitrogen could produce if applied to the soil must, in the 
failure of such application, be produced through the lengthening of 
the hours of daily toil. The basic difficulty in finding a remedy for 
these wastes is lack of co-ordination between industry, agriculture 
and commerce. As yet, however, the best intellects and the keenest 
minds in the country have failed to present a plan .whereby this 
co-ordination may be .secured. Meanwhile these wastes continue. 
Human life lived unproductively can never be relived; once the 
energy of falling water is dissipated in its tortuous route to the sea, 
it can' never be regained ; the loss brought about by the inefficient use 
of a single ton of bituminous coal can never be made good. The 
problem is much larger than merely that of securing a supply of 
fertilizer nitrogen. 



NITROGEN IN RELATION TO CROP PRODUCTION IN 
THE MIDDLE WEST 1 

S. D. CONNKR. 2 

Crops use nitrogen in greater quantities than they do any other 
plant food element. In cultivated soils large amounts of nitrogen 
are lost in the drainage waters, also considerable quantities escape 
into the air. 

In an investigation at the Indiana Experiment Station (i) n in a 
study of virgin and cropped soils taken from 31 localities in the 
state, it was found that the cropped soils had one thousand pounds 
less nitrogen per acre than was contained in the virgin Soils which 
had never been cropped. The sub-soils showed a loss of four hun- 
dred pounds yf nitrogen per acre. The decrease from 0.18% nitrogen 
in the virgin to 0.13% in the cropped soil occurred on land which has 
had some clover and some manure to help maintain the nitrogen 
supply. The loss of phosphorus and potash was only ten percent. 

With soils not originally so high in nitrogen the loss would be less, 
but with the system of farming followed throughout the Middle West, 
it is safe to say that the nitrogen supply of the soil is constantly dimin- 
ishing. Stirring and aerating the soils, as in the cultivation of corn, 
causes a much more active nitrification and a much greater loss of 
nitrogen. In unpublished work at this Station by Coble and Chamber- 
lain in 1920, nitrates were determined in the old rotation plots which 
have been under experimentation .since 1889. Tests were made 
monthly from samples taken on plots in corn, oats and wheat. 

Table i. — Nitrates in soil , corn , oats and wheat. Average from six rotations 

Purdue Station , 1920. 

(Parts NO* per million.) 

May June July Aug. Sept. Average 


Com 9 26 56 64 16 34 

Oats 5 3 10 8 10 7 

Wheat. 8 5 11 8 7 8 


During August, when the nitrates were at the highest point, the 
soil in corn averaged sixty-four parts NO* per million, while the land 
in oats and wheat stubble averaged only eight parts per million. 

1 Paper read at the meeting of the Society held at New Orleans, La., November 
8, 1921. 

2 Associate Chemist in Soils and Crops, Agricultural Experiment .Station, 
Purdue University, La Payette, Indiana. 

* Reference by number is to “ Literature Cited,” p. 182. 
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At all times the land in corn contained more nitrate nitrogen than 
that in other crops. The active nitrification of cultivated soil when 
it is in corn no doubt explains why corn in the mid-west seldom 
responds to nitrogen fertilizer. It should be born in mind, however, 
that while corn does not seem to need nitrogen fertilization on these 
soils, it is the crop that is diminishing the supply of nitrogen the 
most rapidly. 

Plot 4, Set III East, at the Indiana Station, has had wheat grown 
without fertilizer or manure continuously since 1889. Nitrogen was 
determined on the soil from this plot from samples taken at the start. 
Four determinations averaged .285% nitrogen. Samples taken in 
1921, thirty-three years later, had only .215% nitrogen. This is a 
difference of 1,400 pounds nitrogen in the surface, a loss of over 42 
pounds nitrogen per acre per year. As the yield has averaged less 
than 12 bushels per acre, the nitrogen loss has been about one-third 
more than that actually removed in the crop. This was on soil which 
always had a crop growing through the winter. Nitrogen losses 
would probably be much greater on soil in corn or on land which has 
laid bare in winter. 

It has been pointed out by Bear (2) that the farther south a soil 
is situated, the more nitrogen is liable to be lost from it by leaching, 
particularly during the winter ; and on the other hand, in the more 
northern climates the increase of soil nitrogen by bacterial processes, 
is slower. 

While the soils of the mid- west may be ideally situated for greatest 
efficiency in regard to nitrogen supply, there is no question but that 
greater efforts must be put forth to replenish and conserve nitrogen. 
More legumes must be grown, more manure and crop residues must 
be conserved and returned to the land before maximum efficiency is 
obtained, even for an extensive system of agriculture. Still greater 
efforts are needed for intensive cropping. 

Far too small a proportion of legumes to other crops is grown. In 
Indiana not more than one acre in ten of farm crops is in legumes. 
Ohio authorities have estimated about the same proportion. Clover 
constitutes over nine-tenths of the legumes in the middle west. In 
some counties along the Illinois line in northwestern Indiana, not 
one acre in one hundred is in clover or other legumes. 

On four Indiana experiment fields, results have been obtained 
showing, the value of a legume in increasing crops in a corn, wheat, 
clover or timothy rotation. When corn has followed the legume it 
has averaged 6.5 bushels per acre more than it has where following 
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the non-legume. The legume in the rotation caused an average 
increase jn the wheat crop of 3.6 bushels per acre. 

While phosphates and lime are usually the most profitable soil 
amendments that are used throughout the middle west, it should be 
remembered that much of the value of either phosphates or lime is 
obtained through the beneficial effect on clover. Without legumes 
and manure, liming and mineral fertilizers would lead to land ruin. 
For this reason, it may be said that nitrogen is the most important 
of all plant food elements. 

It has been pointed out by many writers that for legumes to benefit 
the land most, they must be returned to the soil, either as a crop 
residue or in farm manures. A notable example of the mismanage- 
ment of a legume crop may be seen in northern Indiana, where cow- 
peas have been extensively grown on sandy soils. It has been found 
that cowpeas grew luxuriantly on these light soils. The eowpeas were 
cultivated in rows and harvested by pulling, the whole plant being 
removed from the field. Under such a system, the limited supply of 
organic matter and nitrogen was rapidly exhausted and the soil being 
left bare in the winter, many fields were ruined by the sand blowing 
away. It is necessary in growing cowpeas on such soils to return 
some organic matter and to seed to rye or similar crops to hold the 
soil and the nitrogen during the winter. 

When a farmer has utilized legumes and farm manures to best 
advantage, available nitrogen may sometimes still be too low. In 
such cases, on some crops, it is profitable to use commercial nitrogen 
in the fertilizer. As a result of experiments on the North Vernon 
experiment field, 1913-1920, one dollar’s worth of nitrogen in the 
wheat fertilizer on land receiving lime, manure, acid phosphate and 
potash, produced crop increases worth five dollars per acre per three 
year rotation of corn, wheat and clover. On the Worthington field, 
nitrogen produced only 71 cents profit under similar conditions, the 
manure and legumes evidently being sufficient to keep up the nitrogen 
supply. 

vSUMMARY. 

Except on those soils which still have a large portion of unex- 
hausted nitrogen left, the nitrogen problem is the most important soil 
fertility problem before the corn belt farmer. 

Average Indiana soils have lost approximately twenty pounds of 
nitrogen per acre per year for the last half century and this loss is 
continuing. Some soils have lost over 40 pounds per acre per year 
and the time has arrived when the lack of nitrogen is seriously 
reducing yields. 
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Legumes and manure are needed in a much larger degree. Less 
than one acre in ten is in legumes in the Middle West. The proportion 
of legumes to other crops should be increased two or three times for 
best results. 

On lands which have been exhaustively cropped some nitrogen in 
the fertilizer will be profitable, at least until more legumes are grown 
and crop residues and manure conserved and returned to the land. 

Much of the profit in the use of lime, phosphate and potash is in 
the beneficial effect on legumes, thus indirectly these materials act as 
nitrogenous fertilizers. 
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THE POTASSIUM-NITROGEN RATIO OF RED CLOVER 
AS INFLUENCED BY POTASSIC FERTILIZERS . 1 

Paul Emerson and John Barton. 2 

INTRODUCTION. 

The most important question before soil investigators today is the 
development of a practical method whereby maximum crops may be 
produced without any overproduction in the soil of any element in an 
available form beyond the amount which the* plant can utilize. Any 
procedure leading to such an overproduction would of course lead to 
losses. If too much attention is paid to solving the nitrogen problem, 
for instance, and in order to make the proper amount of nitrogen 
available to give the best growth, the forces that make potassium 
available are overstimulated (and results recently secured with red 
clover indicate this to be the case) then methods for the, study of the 
fertility of soils which involve a consideration of the potassium 
problem and perhaps others, are certainly necessary. It appears that 
the question of raising maximum crops without any overproduction 
in an available form and consequent loss of the soil elements is of 
greater importance in the conservation of fertility than the question 
of the influence of any one element if all others concerned are 
disregarded. 

1 Paper read at the meeting of the Society held at New Orleans, La., November 
8,1921. 

• Assistant Professor of Soils and Assistant in Soils, respectively, Iowa State 
College, Ames, Iowa. 
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Investigators have long recognized the fact that at least ten ele- 
ments are essential for plant growth, four of these, namely nitrogen, 
phosphorus, potassium and sulfur may rightly be called “ critical 
elements/’ Very little is known regarding the actual role played 
by phosphorus, potassium, sulfur and their compounds in plant 
nutrition and possibly less about potassium than any of the others. 
This may be due first, to the abundant distribution of potassium 
in nature and second, to the difficulties encountered in making accurate 
determinations. Practically nothing is known of the influence which 
this element may have on the assimilation of other elements by plants 
and vice versa. It is known that the nitrogen content, particularly 
of legumes, may vary widely. On the other hand, it is usually 
assumed that the phosphorus, sulfur and potassium content of plants 
are in more or less constant proportions. (In this paper the discus- 
sion will be confined strictly to potassium.) If an analysis shows that 
the plant contains a larger |>ercentage of potassium than certain 
arbitrary standards, the fact is simply stated without further investi- 
gation. But even these standards may vary widely. The accom- 
panying table shows the variability of nitrogen and potassium, as 
reported in three standard textbooks, and indicates that the potassium 
content of red clover may vary as widely as the nitrogen content. 

Table i. — Nitrogen and potassium content of red clover . 

(Recalculated in terms of percent.) 


Reported by Nitrogen Potassium 

Van Sly ke 2.1 1.65 

Henry 1.97 1.87 

Hopkins 1.5 2.00 

Hopkins (Agd el Field, Rothamsted) 2.65 .1.4 

Hopkins (by Von Wolff) 3.05 1.13 


It appears, therefore, that the potassium content of plants should 
receive the same consideration as that given to the nitrogen content. 
This is not because there is a crying need to conserve the former 
element, but because a proper regard for posterity demands that our 
crops be produced with the least possible waste. In other words there 
is a decided need for an accurate “ Index of Productivity.” Shall 
we determine it by measuring the effects of various soil manipula- 
tions or additions on plant growth; by determining the chemical 
composition of the plant; by lysimeter experiments; or shall we 
modify and develop our methods until they are capable of embracing 
the many and variable factors concerned with plant food production 
in the soil and use them as trial indices? Surely we cannot recom- 
mend any procedure that will supply, for .instance, a^stimuktive 
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amount of nitrogen, if at the same time it causes overstimulation 
and probable losses of available potassium. The well known phe- 
nomena of the action of certain salts on plants may be used as an 
illustration of a possible overstimulation without injurious effects on 
the plant. It is known (16- page 14), 8 

14 that single salts of potassium, magnesium, sodium or calcium in certain con- 
centrations are toxic to plants, while mixtures of the same salts in the same 
concentrations are not. Thus, solutions of sodium chloride, magnesium sulfate, 
potassium chloride, and calcium chloride which, when used singly, killed plants 
whose roots were immersed in them for only a few minutes, formed, when mixed 
together, a nutrient solution in which the same,plants grew normally/’ 

An overstimulation, or an over-production of soluble potassium com- 
pounds in the soil, would not, therefore, in a normal soil, produce 
any injurious effect on plant growth but would, on the other hand 
make possible a loss of potassium by leaching. 

THE ACTION OF POTASSIUM IN PLANT GROWTH. 

, According to Thatcher (16), the process of the photosynthesis of 
starch, or the changes necessary to its translocation, are so dependent 
upon the presence of potassium in the cell sap that the whole process 
stops at once if an insufficient supply is present. The presence of an 
ample potassium supply is necessary for vigorous growth of plants, 
while the absence prevents the possibility of the development of the 
carbohydrates necessary for vigorous growth. It has been demon- 
strated, however, (10) (12) that once in the cell the potassium is not 
immobile like iron, but is mobile like nitrogen and may translocate 
from old to new leaves or from old leaves and stems to the fruiting 
parts. 

Hopkins and Aumer (7) removed all the soluble potassium from 
a soil and determined the power of decaying organic matter to 
liberate potassium from the “ insoluble residue/’ They found that 
clover grown on this material contained about one-third as much 
potassium per gram as that produced on a normal soil, indicating that 

“ the actual requirement for potassium by clover may be much less than has 
been estimated from the composition of hay grown on drdinary soils.” 

They state that 

44 much of the potassium commonly found in crops may not be required but 
merely tolerated, being taken up by the growing plant because of the abundance 
in the soil.” 

Hall (6) likewise found an increase in the potassium content of 
clover ; but takes a decidedly different viewpoint from Hopkins and 
Aumer as to the reason for such a condition. He says 

44 whatever may be the explanation, it is found in practice that the growth, 
etc., is very much promoted by a free supply of potash, and this is manifest 
upon sand and gravelly soils usually poor in potash/ 1 

• Reference by number is to 44 Literature Cited/’ p. 192, 
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POTASSIUM VARIABILITY IN PLANTS AS AFFECTED BY ADDITIONS. 

While the* literature regarding the potassium content of plants is 
somewhat limited, indications have been secured showing that most 
of the common crops are able to absorb larger quantities than are 
apparently necessary for normal growth. Fraps (5) found that 
corn, sorghum, kafir corn and mustard plants may take up an excess 
of potash according to the amount available in the soil, the percentage 
taken up decreasing as the amount of available potash decreases. 
Curry and S^nith (3) found that clover from plots treated with potash 
contained an average of 0.25 percent more potash than clover from 
untreated plots. Frear and Erb (4) found a wide variation in the 
total potash content of com, oats, wheat and hay crops. They found 
that on the average for a rotation, the crops harvested from the land 
that had been fertilized with potash carried off in a given weight of 
harvested material 40 percent more potash than a like weight harvested 
from unfertilized land. 

It is a well-known fact that the addition of large amounts of soluble 
potassium salts are toxic to plant growth, but that amounts commonly 
added in agricultural practices are stimulative in most soils. 
Smith (15) found that additions of KCI, and K 2 S 0 4 in amounts up 
to 500 pounds per acre stimulated plant growth; but that larger 
amounts retarded growth. True and Geise (17), in growing red 
clover in quartz sand to which was added Shives’ (13) R r> C, culture 
solution as a base modified by additions of KNO.„ KHJP 0 4 , KCI and 
K0SO4, applied at the rates of 88.6 pounds and 433.2 pounds per acre, 
found that KNO ;{ gave the greatest dry weight of tops. KH a P 0 4 was 
second in efficiency, while KCI and K 2 S 0 4 were less efficient than 
either of the other two, but produced approximately the same weights. 
Unfortunately, the plants were not analyzed in any of these experi- 
ments. Skinner and Reed (14) point out that clover is a heavy 
feeder of potash both in aqueous solution and in soil. They indicate 
that a higher proportion of potassium than of either nitrogen or 
phosphorus is used in the metabolic processes of the plant. Special 
attention is called to the fact “ that the fertilizer requirement of any 
particular soil will upset this ratio.” 

No experimental data have been obtained on the feeding value of a 
high-potassium hay. Mr. J. M. Eward, of the Iowa Agricultural 
Experiment Station informs us, however, that results recently secured 
with feeding pregnant ewes with potassium carbonate indicate very 
dearly the need of this element* If this can be supplied in the form 
of hay, many difficulties will be overcome. At the present time, a 
cooperative experiment is being planned whereby the feeding and 



1 86 JOURNAL OF THE AMERICAN SOCIETY OF AGRONOMY 


nutritional value of red clover hay containing varying amounts of 
protein and potassium will be compared. 

It appears from the foregoing statements, that potassium must have 
an important function to perform in plant nutrition. As it is a 
mobile element, like nitrogen, capable of being translocated to differ- 
ent parts of the plant it seems that its presence must be necessary. 
Before studies can be made as to the proper amount to be supplied, 
it becomes essential to know the possible variations in percentage 
content of potassium in plants and the causes of these variations. 
In order to determine the effect of applications of common potassic 
fertilizers upon the potassium-nitrogen ratio of red clover the follow- 
ing series of studies have been completed. 

PLAN AND METHODS OF EXPERIMENT. 

In the following experiments, the plan was to compare the effects 
of potassium chloride, potassium sulfate and kainit (12 percent K a O), 
added in practical amounts to a uniform soil type, upon the potassium 
and nitrogen content of red clover. The applications were supple- 
mented by additions of manure, acid phosphate, and a combination of 
both. C. P. potassium chloride and potassium sulfate were added 
at the rate of 100 pounds per acre, while the kainit was added at the 
rate of 400 pounds per acre. Manure was applied at the rate of 
10 tons and acid phosphate at the rate of 200 pounds per acre. 

The soil used was a Miami silt loam taken from a field that had 
been previously cropped with potatoes. The length of time that this 
field has been under cultivation is not known ; but js approximately 
sixty years. Accurate records of the cropping systems followed on 
this field could not 'be secured further back than 1917. No fertilizers 
had been applied between 1917 and the date of sampling and previous 
applications are extremely improbable. It is believed that an applica- 
tion of manure was made sometime previous to 1917. The cropping 
of the field for the past five years was as follows: 1916 (possibly) 
corn; 1917 oats and clover; 1918 clover; 1919 clover; 1920 potatoes. 
The soil was taken from the field in the late fall of 1920, partially 
dried, sieved and thoroughly mixed. An analysis of this k>il showed 
that it contained an average of 16,600 pounds total potassium, and 23 
pounds water-soluble potassium per acre. 

This soil showed a lime requirement by the Truog method, of 2j^ 
tons per acre. An application equivalent to two tons per acre in 
excess, or a total amount equivalent to 4 1 / 2 tons calcium carbonate 
per acre, was made to the entire amount of soil used throughout the 
experiment. It may be noted here that it is generally stated in agri- 
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cultural treatises that the application of lime to a soil liberates potash 
from the soil minerals. That this supposition is erroneous is shown 
by the lysimeter experiments of Lyon and Bjzzel (8) and Maclntire 
(9) and the extensive review of the subject by Plummer (11). In 
fact, lime applications may decrease the solubility of soil potassium, as 
indicated by Brown and Maclntire (2) and more recently by Briggs 
and Breazeale ( r ) . 

In this experiment thirty-two one gallon glazed earthenware pots 
were used, each being filled with the equivalent of 9 pounds of air 
dry soil, with the various fertilizers added on the dry weight basis. 
Moisture content was adjusted to the optimum 22 percent, additions, 
(by weight), being made three times each week in order to keep 
it constant. The arrangement of the pots and their duplicate 
treatments were as follows : 


Pot 

Treatment 

I — 2 

Nothing — check. 


Series I. 

3 — 4 

Lime, 4} tons calcium carbonate. 

5-6 

Lime, plus 100 pounds KCl. 

7-8 

Lime, plus 100 pounds K 2 S0 4 . 

9 — 10 

Lime, plus 400 pounds Kainit . 


Series II. 

1 1 — 18 Same arrangement as Series I with the addition of 10 tons manure. 
Series III. 

19 — 26 Same arrangement as Series 1 with the addition of 200 pounds acid 

phosphate. 

Series IV. 

27 — 28 Lime, manure, acid phosphate, and KCl applied as above. 

29 — 30 Lime, manure, acid phosphate, and K2SO4 applied as above. 

31 — 32 Lime, manure, acid phosphate, and kainit applied as above. 

The pots were seeded October 18, 1920, with red clover. When 
the seedlings were about two inches high they were thinned to seven 
plants per pot, spaced as nearly equally apart as possible. While 
the plants were growing, the position of the pots was shifted from 
time to time, to insure similar growing conditions. 

While no attempt was made to inoculate the clover in these pots, 
an examination of the roots at the close of the experiment proved 
that all were well supplied with vigorous-appearing nodules. 

The crop was harvested April 6, 1921 and dried for two days at 
85° C. The dried plants were analyzed for total nitrogen and potas- 
sium by the regular official methods. The results of these analyses 
and the ratio existing between the potassium and nitrogen are shown 
in Table 2 , 



Table 2. — Total nitrogen and potassium content of red clover from soils variously treated , their ratios. 
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Series III. — Acid phosphate plus potassium salts plus lime. 

8.2 227.4 2.77 54.6 0.66 

10.5 279.5 253.4 2.66 2.71 69.6 62.1 0.66 0.66 1-4.0 
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DISCUSSION OF RESULTS. 

From the results reported in Table 2, it appears that applications 
of lime produced very little if any, effect, upon potassium absorption 
by red clover. They had, however, a distinct effect upon the nitrogen 
content, caused greater growth, and consequently caused the plant 
to take more potassium from the soil; but the lime stimulated nitro- 
gen assimilation so much in excess of potassium assimilation that it 
materially widened the K-N ratio. A further illustration of the lack 
of effect of lime on soil potassium was shown in Series I, in every case 
where potassium salts had been added. * Wherever soluble salts were 
present the K-N ratio was narrowed in spite of the fact that the total 
dry weight of the crop from the potassium- and lime-treated pots was 
less than from those with lime alone. 

The effect of manure, Series II, was to narrow the K-N ratio 
consistently. Manurial applications apparently depressed slightly 
the total dry weight of crop, as compared with the check, in Series I 
and Series III, but had a stimulating effect on the amount of potas- 
sium taken up. This stimulative effect is apparently not influenced 
by the addition of pure forms of potassium salts, as KC 1 , or K a SC) 4 , 
but is markedly affected by the addition of the mixed salts in kainit. 
This absorptive effect is first apparent in the pots treated with 
manure and lime only. In this case, it narrowed the K-N ratio from 
1-5.6 to 1-3.5. The ratio was still further narrowed by the addition 
of KC 1 and K 2 S 0 4 . In both of these cases, based on the nitrogen 
and potassium content of one gram of dry material, there was 
apparently a slight depression of the nitrogen content and a marked 
stimulation of the potassium content. Kainit did not depress the 
nitrogen content, but increased the potassium content of the plants 
to a point where almost one-half the total potassium added was taken 
up by the plant. 

The results in Series III were surprising in that the greatest dry 
weight of plants in the entire experiment was found here. The 
plants in the pots treated with acid phosphate and lime only did not 
show 1 any increase in weight over the average of the entire' series, but 
their K-N relationship shows that phosphorus has tffp ability to 
narrow the ratio and offset the widening effect of lime. Apparently 
potassium sulfate and acid phosphate applied at the rate of 100 
and 200 pounds per acre respectively form the most ideal combina- 
tion for plant growth in this particular type of soil, as evidenced by 
the crop produced. Potassium sulphate, however, did not narrow 
the ratio as much as acid phosphate alone possibly because of an 
increased stimulation of nitrogen absorption. The plants in the acid 
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phosphate- and kainit-treated pots took up more potassium than 
those which received any other treatments in this series. The clover 
in these pots not only took up an amount of potassium equivalent 
to the entire amount added but also a portion of the soils supply. 
The K-N ratio was significantly narrowed, without decreasing the 
rate of plant growth or producing any apparent injurious effect. This 
appears to be an excellent illustration of a possible effect of over- 
stimulation. Had these soils been subject to leaching, as they would 
be under field conditions, the probability of loss is apparent. Many 
lysimeter experiments have shown that from five to two hundred and 
eighty pounds of potash may be lost per acre per year by this means. 
The amount so lost varies according to kind and type of soil and 
the treatment applied. 

As no check pots were included in Series IV, no attempt will be 
made to explain the results obtained. Potassium chloride produced 
the narrowest K-N ratio of the series and the poorest growth. The 
action of K.,S0 4 and kainit was similar to that of the other series. 

SUMMARY. 

Pot-culture tests of the effects of applications of various forms 
of fertilizers to a Miami silt loam soil upon the amounts of potassium 
and nitrogen on red clover plants grown on it, lead to the following 
conclusions : 

Idle amount of potassium taken up by red clover from a soil varies 
with the treatment applied to that soil. 

The solubility of soil potassium, as indicated by the percent taken 
up by the plant, is increased by applications of manure, acid 
phosphate, or combinations of both. 

The ability of red clover to take up potassium varies with the 
kind of compound supplied ; from KC1, it is taken up in the smallest 
amounts; from K 2 S0 4 , in larger amounts; whjle the potassium in 
kainit, under some conditions, may l>e entirely taken up. As a rule, 
the effect of kainit on the amount taken up by the plant is more 
beneficial than either RC1 or K,S0 4 . 

Applications of lime in the form of calcium carbonate to an acid 
soil apparently has no effect on the solubility of native soil potassium, 
but may possibly overstimulate nitrate production. 

The K-N ratio is widened slightly by applications of lime; but 
narrowed by applications of manure, or acid phosphate or both, in 
the presence of lime. 

The writers desire to express their thanks to Dr. P. E. Brown, 
Acting Head of the Department, for his helpful criticism throughout 
the work and the preparation of the manuscript. 
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INFLUENCE OF FERTILIZERS ON YIELD AND 
MATURITY OF SOY BEANS . 1 

By Geo. L. Schuster . 2 

INTRODUCTION. 

Experimenters in soil fertility and crop response have observed 
that all crops do not respond alike to the same fertilizer and that a 
given fertilizer will not produce the same results on the various soil 
types with the same crop. 

Scovell and Peter (n) 3 observed that for corn, potash is especially 
needed on the soils of their State and that wheat is greatly benefited 
by potash also. They also observed that the greatest profit in every 
instance was where potash was used. 

Neale (9), at the Delaware Station observed that the greatest net 
profit in every instance resulted from the use of muriate of potash 
alone, the increased crop due to nitrate of soda being in no case 
sufficient to meet the increased cost of the fertilizer. He also 
observed that corn yielded most abundantly with nitrate of soda 
and muriate of potash, and that wheat gave the best return with 
nitrate of soda and acid phosphate. 

Goessman (3), of Massachusetts Station, stated that sulphate of 
potash and magnesia on leguminous crops gave, in most instances, 
better results than muriate of potash. Tests with soy beans showed 
that potash had the greatest effect upon the increase and quality of 
the crop. In the soil tests with corn, potash was found to be the 
controlling factor. 

Phelps (10), of Connecticut reported that nitrogen had very little 
beneficial effect on either the total yield or the feeding value of cow 
peas or soy beans, but when supplied in the form of manure increased 
the yield nearly 9 bushels over that of mineral fertilizers. 

Williams (12), of North Carolina Station, stated that ordinary 
applications of commercial fertilizers hastened the maturity of cotton. 
High nitrogen ((N ? .-P-K) applications on all types of soil studied 
generally produced larger percentages of total yield open at the 
first picking than high potash (N-P-K a ) applications. 

Fellers (2), in his work with soy beans in New Jersey, found 
that applications of from 50 to 400 pounds of muriate of potash per 

4 Paper read at the meeting of the Society held at New Orleans, La., November 
8, 192L 

•Agronomist, Delaware Agricultural Experiment Station, Newark, Delaware. 

• Reference by number is to “ Literature Cited/' p. 197. 
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acre were followed by an average increase of about 10 percent in 
the yield of total dry matter and seed on both limed and unlimed 
plots ; while nodule production was slightly stimulated on the limed 
plots but not on the unlimed. The fertilizer treatment which 
appeared to give the greatest return for the money invested on acid 
soils comprised from 200 to 300 pounds of acid phosphate together 
with a ton of lime. 

Lipman and Blair (6), reported that soy beans inoculated and 
furnished with lime and soluble phosphate made a good growth and 
accumulated a high percentage of nitrogen up to the time the pods 
were half filled (hay stage) without the aid of readily soluble potash 
compounds. 

Grantham (4 and 5) stated that for the State of Delaware, potash 
gives the best results of any single element on both corn and soy 
beans and recommended an application of 250 to 350 pounds per acre 
of a mixture of 400 pounds of acid phosphate and 100 pounds of 
muriate of potash on sandy soils for soy beans. 


PLAN OF PRESENT INVESTIGATIONS. 

The Wilson variety of soy beans was used in the investigations. 
They were seeded on tenth acre plots. Diagram 1 shows tfie arrange- 
ment of these plots and the treatment applied to each. The soil is 
that of the Sassafras series of the Piedmont Plateau province. The 
soy beans are seeded in a rotation with other crops as follows : ( 1 ) 
Corn (cover crop, rye and vetch), (2) soy beans, (3) wheat, (4) 
timothy and clover. 
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Diagram i. — Showing arrangement of plots and treatments applied. Each 
plot is 2 rods wide and 8 rods long. 


The average yields for the last six years are reported in Table 1, 
together with an analysis as to the maturity of the crop. The gram 
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weight of one pint was determined with a one pint grain tester. 
The data presented in the table show that the highest yield is closely 
correlated with the highest test weight and that the number of im- 
mature beans per ioo grams gradually increases as the yield 
decreases. The percentage of immaturity by weight is also recorded. 
This was determined by weighing the number of immature beans in 
100 grams. It will be noted that there is a marked increase in the 
quantity of immature beans and a marked decrease in yield from 
the plots where muriate of potash has been omitted. 

Muriate of potash in combination produces better results than 
where it is used alone. Heavy applications of manure (5 tons) 
produce the best results as to yield and maturity. Lyon (7) states 
that the analysis of average manure is approximately 10-2-12. It 
is evident that it must be either the nitrogen or potash that is pro- 
ducing the results from manure. Nitrogen on other plots is not 
giving high yields, so it must be fair to conclude that it is the potash 
of the manure that is producing the results here recorded. 

Table i . — Showing correlation between immaturity and yield of soy beans . 

Average 

yield 

, No. beans in 6 yrs. 

Gram 100 gr. Percent bu. 

wt. of * * imma- per acre. 

Plot. Treatment per acre. 1 pint, mature imma- ture. 

ture. 


15 

Manure, 5 tons 

400.0 

680 

0 

0 

31.6 

10 

Double quantit y No. 9. . . . 

392 . 5 

645 

3 

0.2 

26.6 

9 

Sodium nitrate, 100 lbs. 
Acid phosphate, 250 lbs. 

403.0 

678 

6 

0.8 

25.6 

14 

Muriate of potash, 75 lbs. 
Manure, 2.5 tons 

396.0 

669 

0 

0 

25*1 

12 

Basic slag, 225 lbs. 

Muriate of potash, 75 lbs. 

■ 388.5 

602 

43 

4 4 

23*3 

7 

Acid phosphate, 250 lbs. 
Muriate of potash, 75 lbs. 

401.0 

701 

1 2 

1.2 

23.1 

8 

Sodium nitrate, 100 \hs. 
Muriate of potash, 75 lbs. 

' 394-5 

696 

6 

03 

21.6 

13 

Rock phosphate, 375 lbs. 1 
Muriate of potash, 75 lbs. J 

> 388.5 

733 

39 

42 

21.5 

4 

Muriate of potash, 75 lbs. . 

394-5 

730 

4 

.2 

16.9 

5 

Sodium nitrate, 100 lbs. . . 1 
Acid phosphate, 250 lbs . . j 

\ 395-5 

740 

96 

7.4 

15. 1 

3 

Acid phosphate, 250 lbs . . . 

• 387 5 

669 

134 

12.0 

14.6 

2 

Sodium nitrate, 100 lbs. . . 

389 5 

667 

103 

9*3 

14.2 

6 

No treatment 

. 388.0 

628 

135 

12.6 

12.9 

11 

No treatment 

• 375-0 

621 

22 1 

19.6 

12.2 


J 

FINANCIAL RETURNS. 





The item that is always of practical interest is that of monetary 
returns. In computing the net returns, nitrate of soda was valued 
at $92.00 a ton; acid phosphate $18.00 a ton; rock phosphate $8.50 



196 JOURNAL OF THE AMERICAN SOCIETY OF AGRONOMY 


a ton; muriate of potash $384.50 a ton; basic slag $16.00 a ton; 
manure $3,836 a ton ; and the soy beans at $2.85 per bushel. 

The mineral fertilizer costs, with the exception of basic slag, were 
taken from wholesale quotations in the Market Report (8) of the 
Journal of Industrial and Engineering Chemistry, and 25 percent 
added for freight and commission to the retailer. The cost of basic 
slag was based on a quotation from the Tennessee Coal and Iron 
Company, and 25 percent added for the same reason. The manure 
was valued on the same basis as the mineral fertilizers according to 
the analysis given by Lyon (7). Thirty-five cents per acre was added 
for applying the fertilizers. 

Table 2. — Showing correlation between financial returns from fertilizers and 
immaturity of soy beans . 

Average Per- 

yield Value Cost of centage 

for 6 yrs. of seed fertil- Net of 

bushel per acre, izers per returns imma- 
Plot. Treatment per acre. per acre. acre, per acre, turity. 


15 

Manure, 5 tons 

Manure, 2.5 tons. 

31.6 

$90 . 06 

$ 19-53 

$70.53 

0 

14 

25.1 

71.51 

9 94 

61.57 

0 

9 

Sodium nitrate, 100 lbs. 
Acid phosphate, 250 lbs. 

► 25.6 

72.96 

21.62 

51 34 

.8 

12 

Muriate of potash, 75 lbs. ( 
Basic slag, 225 lbs. 

Muriate of potash, 75 lbs. 

233 

66.40 

16.57 

4983 

♦ 

4 4 

7 

Acid phosphate, 250 lbs. 
Muriate of potash, 75 lbs. 

■ 231 

65.83 

17.02 

48.81 

1.2 

13 

Rock phosphate, 375 lbs. 
Muriate of potash, 75 lbs. 

21.5 

61.28 

16.36 

44.92 

4-2 

8 

Sodium nitrate, 100 lbs. 
Muriate of potash, 75 lbs. j 

\ . . 21 .6 

61.56 

19.37 

42.19 

03 

3 

Acid phosphate, 250 lbs . . . 

14.6 

41 .61 

2.60 

39.01 

12.0 

6 

No treatment 

12.9 

36.77 

0.00 

36.77 

12.6 

5 

Sodium nitrate, 100 lbs. . . 1 
Acid phosphate, 250 lbs . . J 

r . • 15. 1 

43 04 

7.20 

35*84 

74 

2 

Sodium nitrate, 100 lbs . . . 

14.2 

40.47 

4-95 

35*52 

93 

11 

No treatment 

12.2 

34-77 

0.00 

34*77 

19.6 

4 

Muriate of potash, 75 lbs. . 

16.9 

48.17 

14-77 

33*40 

.2 

10 

Double quantity, No. 9 . . . 

26.6 

75-81 

42.89 

32 92 

.2 


The farm price of soy beans was taken from the Yearbook (13) 
for 1920. 

Table 2 presents the net returns and the percentage of immaturity 
from the plots. 

The plots are arranged in the order of the net returns, the greatest 
net returns coming first. A general statement may be made that 
all the potash carrying fertilizers yield greater net returns than those 
not carrying potash. * Such a statement will not hold true, however, 
where potash alone was used. Potash has had greater increases in 
price in the last six years than any other fertilizer This will, in 
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part, explain why potash alone does not bring in any greater net 
returns. With the present lowering of the price of muriate of potash 
however it may be used more freely. 

From these observations, manure produces the greatest net returns 
and produces no immaturity of beans on the Sassafras soil types. 
When manure is not available, an application of 250 pounds of acid 
phosphate and 75 pounds of muriate of potash per acre is recom- 
mended as being the most economical to apply. Sodium nitrate does 
not produce desirable results as to maturity or yield. Basic slag 
and rock phosphate are not so readily obtainable. 

SUMMARY. 

The presence of muriate of potash in fertilizers for soy beans 
brings the beans to maturity. This is in accord with the observations 
of Lipman & Blair (6). 

Manure applications of 3 to 5 tons per acre give largest yields in 
which all the beans mature. It is believed the potash of the manure 
brings this about. 

In the absence of manure, acid phosphate, 250 pounds, and muriate 
of potash, 75 pounds per acre, is recommended. 

The above recommendations are based upon the experiments here 
reported and may be yield the largest net returns. 

With lower-priced potash coming on the market, more potash 
should be used. 

Nitrate of soda does not produce desirable results with soy beans, 
as to maturity, yield or financial returns. 
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SOIL TYPES AS A BASIS FOR SOIL INVESTIGATIONS . 1 

P. E. Brown . 2 

Until comparatively recently, practically all soil investigations have 
been planned and carried out with a magnificent disregard of the 
particular soil conditions; and the results of field experiments, green- 
house tests and laboratory investigations have been quite generally 
interpreted as applicable to all soils. Thus, while there seems to have 
been some appreciation of certain differences in soils, physical or 
chemical, if such difference were extreme, there has been in the past 
too much tendency to look upon “ any soil as soil/’ using the term 
soil in a broad, unrestricted sense. 

Our knowledge of soils has increased very rapidly during the past 
few years, however, by reason of many fundamental studies. It lias 
l>ecome evident that soils may be classified into rather well defined 
.series and types, being differentiated on certain definite characteristics. 
There has been, therefore, a growing tendency among soil investi- 
gators to consider seriously the significance of the soil type employed 
in their studies. There seems, indeed, to have developed some appre- 
ciation of the fact that the results of soil experiments are not neces- 
sarily applicable to any other soil conditions than those involved in 
the particular work and that all conclusions should be safeguarded 
from too broad an interpretation by the qualifying phrase “ on this 
particular soil type.” 

Twelve years ago, in his presidential address before this Society, 
Dr. Geo. N. Coffey, then of the U. S. Bureau of Soils, called attention 
in a very clear and forcible way to the importance of the field study of 
soils, emphasizing the fact that soil differences may account for many 
of the “ contradictory and seemingly inexplicable results obtained 
by different investigators or even by the same investigator.” He 
asserted also that “ the failure to recognize that the results secured 
upon one type do not necessarily hold true of another, is responsible 
in some measure for the distrust of farmers of the work of scientific 
investigators as well as of the unsettled and unsatisfactory condition 
of the field problem of soil fertility.” How true this assertion is will 
be apparent when we consider how often the results of fertilizer tests 
from plots on an experiment station farm are used as a basis for 
general recommendations to farmers and how frequently the farmers 

1 Paper read at the meeting of the Society held at New Orleans, La., November 
8, 1921. 

2 Professor of Soil Bacteriology, and Chief in Soil Chemistry and Bacteriology 
in the Experiment Station, Iowa State College, Ames, Iowa. 
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have failed to secure similar increases in crop yields. Is it any 
wonder if a farmer looks askance at station experiments after such 
an experience? Is it any wonder that investigators in the pure 
sciences have said that there is no soil science ? Is it surprising that 
theories of permanent soil productivity have been varied, that con- 
troversies have raged and that the general public has failed to derive 
many of the benefits from soil investigations which the time and 
money expended on them should have insured ? 

However, a change of viewpoint in soil experiments is being 
gradually brought about, altho only very slowly and it is becoming a 
more generally accepted fact that the particular soil conditions are 
responsible in large part for the character of the results secured. 
Thus the weight of sentiment, the increasing knowledge of soil types 
which is being constantly secured, and perhaps I might add, also, 
the more accurate soil maps which are being produced, are accomplish- 
ing the desired result. Soil studies are now coming to be based more 
and more on the particular soil type and soil conditions and con- 
clusions are being more carefully and conservatively drawn. But 
while the development of the soil survey work of the U. S. Bureau 
of Soils has been very extensive and while many more than the 800 
soil types which Dr. Coffey mentioned in 1909 have been recognized 
and differentiated on the basis of fundamental differences, there are 
still some investigators who apparently fail to grasp fully the vital 
significance of basing their studies on the soil type; and many who 
perhaps thru oversight, to take a charitable view of the situation, draw 
broad general conclusions from narrow specific soil type experiments. 

There are, of course, other factors than a lack of appreciation of 
soil differences which have brought about the publication in some 
cases of broadly conclusive, misleading statements and perhaps the 
making of unsatisfactory practical recommendations. The demands 
of the farmers themselves for definite advice, the attitude of admin- 
istrative officers, urging the publication of practical results, the desire 
for publicity, the willingness to take a chance on how the recommen- 
dations work out, in order to gain public recognition, have all played 
a part in causing the “unsettled and unsatisfactory condition of the 
great problem of soil fertility ” which Dr. Coffey referred to and 
which still exists, unfortunately, to some extent. 

But I would not for one minute disparage the wonderful work 
which has been done in the past in soil experiments. I would not 
detract from the great practical good which farmers have derived 
from practising many of the methods of soil treatment which have 
been recommended. Many of the suggestions which have been made 
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have proved of inestimable economic significance. The improved 
methods of soil treatment and management which quite generally 
prevail are certainly sufficient evidence that soil investigations of the 
past have not been in vain and that the cost of such investigations has 
been well warranted. Furthermore, many of the fundamental studies 
along soil lines have brought out conclusions which are of general 
application. In other words, the results of many experiments are 
applicable t© cUl soil types and there has really developed in the 
past decade a science pf soils, for which no apology is needed. 

There is no need to discredit all previous work, in order to call 
attention to ways in which future work may be improved. Such an 
extreme attitude not only casts discredit upon the profession as a 
whole in the eyes of the general agricultural public, but it is unfair 
to early investigators and it deliberately ignores the many investi- 
gations which lie at the very foundation of soil science. 

In a recent publication , 8 a study by statistical methods of the 
results of the Ohio and Pennsylvania .soil experiments is made and 
it is concluded that it is highly probable that “ no fertilizer experiment 
as ordinarily conducted is possessed of sufficient practical value to 
justify the large expenditure of money, time and energy involved.” 
The statement is made also that “our present knowledge of the 
enormous variability of all soils and plants renders the data from any 
given fertilizer plot of value only on that plot no matter how near 
the experimental one.” 

While it is true that many fertilizer experiments have been carried 
out on land which has not been surveyed and on which the soil types 
have not been determined, practical results of large value have often 
been secured. Even tho such experiments have been located con- 
veniently and on college land which might be extremely variable and 
include more than one soil type, the conclusions drawn from them 
have led to recommendations which have proved of much use to 
farmers. It is undoubtedly true, of course, that the experiments 
would be of much greater value if the plots had been laid out on a 
definite soil type, of typical topography, without local soil variations 
of any kind and uninfluenced by previous variable methods of crop- 
ping and soil treatment. But to discard all fertilizer experiments, as 
the authors quoted would recommend, is not only unnecessary but 
would be deplorable. Fortunately, the radical suggestion is not likely 
to prevail and not even likely to be considered seriously. The unfor- 
tunate part about the publication of such statements is that they 
bring a certain amount of discredit upon all our soil experimental 
• Lipman and Linhart, Proc. Nat. Acad. Sci., voL 6, No. ir, p. 684. 
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work in the minds of other scientists and if disseminated extensively, 
would affect also the attitude of our constituents, the farmers, toward 
our recommendations. 

But while it is not necessary to discard the results of all soil experi- 
ments carried out in the past, and they may serve to establish certain 
fundamental and practical principles governing soil management, 
the importance of determining the soil type is being recognized in the 
establishment of new experiment fields, with the idea of making the 
results of the greatest practical value as well as technically accurate. 
Hence, these new fields are very largely free from the objectionable 
features mentioned above and the results secured will certainly be 
applicable to the same soil type under the same climatic and seasonal 
conditions. When the soil type is determined and the plots are 
carefully laid out there is no question but that farmers operating on 
the same soil type will profit from the results secured, especially 
when the conclusions are safeguarded by being drawn only after 
results have been secured for several years. Furthermore, there is 
no question but that such results will yield fundamental and extremely 
valuable information regarding the particular soil type. 

The significance of the soil type in field experiments must not be 
underestimated and the results obtained from any plot tests should 
be interpreted as applicable only to the particular soil type. No 
question of the value of the experiments can then arise. 

The following table (Table 1) gives some results secured on various 
experimental fields in Iowa. It is evident from these that the soil 
type plays an important part in determining the results secured and 
that profitable treatments on one type may not be of value on any 
other type. Large increases in crop growth may occur on one soil 
and no increase at all on another. It can readily be seen also that 
certain treatments prove of value, altho indeed of variable value, on 
all the types, with the same crops. Thus, lime increases the clover 
yields and manure brings about larger growth of corn and oats. 
Other treatments, however, give different effects on the same crop 
on different soils. 

In general this table illustrates the point that results obtained with 
fertilizers on one soil type will not necessarily be applicable to other 
types, but it shows also how certain treatments may be of value on 
practically all types. It gives evidence, therefore, that while the older 
soil experimental fields may yield results of general practical value, 
the newer fields, laid out on typical soil types, will prove of far 
greater usefulness in planning systems of permanent agriculture for 
soils in general, the particular system adapted to one type needing 
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much modification, perhaps, before being suitable for another very 
dissimilar type. 

But it is not only in field experiments that the soil type is of 
importance. Greenhouse experiments, chemical studies and bacterio- 
logical results are quite as much affected by the soil type employed 
and too often such results are too broadly interpreted. 

Table 2 shows some results from greenhouse tests on different 
soil types. Similar conclusions might be deduced from a study of this 
table as were reached from a consideration of the table of field 
experimental results. There can be no question but that all green- 
house tests should be planned on definite soil types if the results are 
to be of the greatest practical and scientific value. 

Chemical studies on soils are also very largely influenced by the 
soil type. Careful studies are now under way in our laboratories to 
determine the relation, if any, which exists between the soil type and 
its chemical composition. It is realized, of course, that the differentia- 
tion in soil types cannot be made on the basis of chemical composition, 
but it seems quite reasonable to believe that the content of the dif- 
ferent elements will vary between certain limits in any one type and 
that these limits will be different for other types. Particularly is 
this true when nitrogen and organic carbon are considered, two 
elements which are particularly significant in soil type separations. 

The results of this study will be published later and no data will 
be given here. It is sufficient to say that the evidence so far secured 
points very definitely to the fact that the results of studies of the 
chemical composition of soils must be interpreted on the soil type 
basis to be of the greatest value. 

Some results recently secured with legumes on two different soil 
types show that the nitrogen content of tops and roots may vary 
widely ; how far the ratio may vary and how the effects on the soils 
from the growth of legumes will depend upon the soil type. These 
results serve to emphasize the fact that actual methods of soil man- 
agement to maintain permanent fertility, at least from the nitrogen 
standpoint, may vary widely on different sojl types. 

Many other illustrations of the significance of the soil type in 
chemical ^studies of soils might be mentioned and reference given to 
published results, but it does not seem necessary to cite further work 
here. Several problems are now under way in our laboratories which 
involve a consideration of the relation of soil types to certain chemical 
soil conditions. Organic phosphorus in soils is being studied, 
hydrogen-ion concentration in relation to acidity and to other acidity 
tests, carbondioxide * production in treated and in untreated soils, 
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response to potassium fertilizers and the making of potassium avail- 
able, the use of sulfur and changes which the element undergoes in 
the soil, the color of soils in relation to carbon and nitrogen, available 
phosphorus by various methods, the composition of humus, etc. 

Many results of chemical soil studies which have been published 
have emphasized the applicability of the conclusions drawn to the 
particular soil type or the fact that the results varied on different 
soils. Surely in the light of results secured and from a consideration 
of the variations among soil types, it must be evident that no chemical 
studies on soils should be undertaken without a fundamental determi- 
nation of the soil type. 

From a bacteriological standpoint it seems almost unnecessary to 
call attention to the relation of the results secured in bacteriological 
studies to the soil type employed. Too much data has been published, 
however, which has been secured on one soil only and yet has been 
interpreted as broadly applicable to soils in general. When we con- 
sider the various factors which influence bacterial development in 
soils and then remember how these factors vary in different soils, 
it will be evident that bacteriological results will be influenced to a 
large extent by the soil type. Many experiments have shown this 
fact and while it is often difficult if not impossible, to distinguish 
and disentangle the various factors which are so closely allied, it is 
worthy of note that the variations in results may very generally be 
traced back to the soil type, other conditions being the same. 

Our own studies of bacteria at different depths in soils, show 
how the soil type will govern the development of bacteria in the soil, 
affecting the numbers, the action and the distribution. Studies on 
bacteria in frozen soils, on occurrence and distribution of molds, on 
bacterial effects of lime, of manure, of rotations, of fertilizers, have 
shown how all bacterial and mold activities are influenced to a more 
or less extent by the soil type. Numerous experiments of others 
might also be cited which lead to the same conclusion. Other work 
now under way in our laboratories which involves the soil type, 
includes studies of bacteria in relation to crop production ; the relation 
of bacteria to the nitrogen problem, to the phosphorus problem, to 
the potassium problem, to the sulfur problem and to the commercial 
fertilizer*problem. The recognition of the fundamental importance 
of the soil type in bacteriological work will insure that our progress 
in knowledge along this line will be much more rapid and the value 
of the results secured will be much enhanced. 

The question may arise in the minds of some as to how satisfactory 
the separation of individual soil types may be. One investigator , 4 in 

4 Pendleton, “A Study of Soil Types," U. of Cal. Pub., vol. 3, No. 12, p. 369 
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an introductory statement to a study of soil types by one of his 
students, says that he doubts the validity of the U. S. Bureau of 
Soils method of soil classification and mapping and he cannot see 
how such methods can serve us in scientific work. Incidentally it may 
be remarked that the conclusion drawn from the experiments is that 
the Bureau of Soils types show up differences when studied from 
various angles. 

It is hardly necessary here to enter upon a consideration of the 
system of classification of soils which, is being followed by the 
Bureau of Soils except to say that there is no question in our minds 
but that the method of differentiating soil types which the Bureau is 
following is fundamentally, sound. Of course, there are cases where 
it is difficult to draw sharp distinctions ; there are variations in types 
which sometimes seem too great to us; there are some separations 
which seem too fine, which involve too much of the personal equation ; 
"but as a whole we believe the principles on which the Bureau sepa- 
rates soil types are sound. This conclusion has been arrived at from 
a very careful study of all methods of soil mapping and classification 
and has not been reached without considerable thought. Certain 
other systems of classification were seriously and critically considered 
but they could not compare with the Bureau method. Hence, even 
tho the mapping of soil types is not an exact science, as the Bureau 
itself would admit, and tho there is room for improvement in certain 
methods of procedure followed in making soil maps, the soil type as 
established by the U. S. Bureau of Soils, we believe should be the 
basis for all soil investigations. 

In conclusion I would emphasize the statement that I am convinced 
that we cannot do scientific work on soils without knowledge of the 
soil type and that if the conclusions are not based on the specific soil 
conditions they are absolutely worthless. If we are to have a real 
soil science, a science which will rank with other sciences, pure or 
applied, we must get on a scientific and sound basis and we caft do 
this only by basing our experiments, field, greenhouse, chemical, and 
bacteriological, on a soil foundation, or in other words, ofi soil type 
separations. As our knowledge of soils increases and our soil types 
become more definitely and accurately defined, our results will, of 
course, become more valuable. But at the present time, sufficient 
progress has been made, in our soil survey work, so that we can base 
all our experiments on typical soils, with the assurance that we will 
secure results applicable to that same soil under the same climatic 
conditions, and that the conclusions drawn will be of the utmost 
accuracy scientifically. • 



THE INFLUENCE OF IRRIGATION WATER ON THE 
COMPOSITION OF THE SOIL . 1 

J. E. Greaves. 2 

Water is applied to a soil primarily to meet the needs of the 
growing plant. Incidentally, it materially modifies the chemical, 
physical, and biological properties of the soil, (i) Water may 
increase or decrease the available plant-food of the soil without 
changing the total quantity; (2) water may carry from a soil 
plant-food, thus leaving it intrinsically less productive; (3) water 
may carry to a soil phosphorus, potassium, and nitrogen, therefore 
increasing its total plant-food; and (4) water may carry to and 
deposit in a soil “ alkali ” salts which in time will render it barren. 
The magnitude of these changes will be governed by the nature of the 
soil, the composition of the irrigation water, and the intelligence with 
which each is handled. It is, therefore, the purpose of this paper 
to summarize briefly some results which have been obtained at the 
Utah Experiment Station during the past ten years. 

It is generally accepted today that many of the reactions which 
occur in the soil and tend to render soluble the various mineral con- 
stituents thereof are due to bacterial metabolism. It is also agreed 
that bacterial activity is a function of the water content of the soil. 
Our work has shown that the correlation between the water-holding 
capacity of the soil, as determined by the Briggs* (6) 3 modification 
of the Hilgard Method, and the ammonia produced in a soil is very 
pronounced. Twenty-two soils varying widely in physical composition 
all gave a maximum production of ammonia when the soil contained 
60 percent of its water-holding capacity. Either above or below this 
concentration there was a decrease in the ammonia found, as may be 
seen from the following summarized results (1). The soil which 
received 60 percent of its water-holding capacity ,is taken as 100. 


Water in soil, percent of 
water-holding capacity 

Ammonia 

Water in soil, percent of 

Ammonia 

produced 

water-holding capacity 

produced 

10 

2 

60 

loo 

20 

8 

70 

78 

30 

32 

80 

57 

40 

68 

90 

49 

50 

85 

100 

45 


1 Contribution from the Department of Chemistry and Bacteriology, Utah 
Agricultural Experiment Station, Logan, Utah. Received for publication 
November 28, 1921. 

* Chemist and Bacteriologist. 

* Reference by number is to “ Literature Cited,” p. 212. 
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An excessive quantity of water is more injurious than is an 
insufficient quantity. The results as obtained for this same soil for 
nitrification are given below: 


Water in soil, percent of 

Nitrates 

Water in soil, percent of 

Nitrates 

water-holding capacity 

found 

water-holding capacity 

found 

10 

11 

60 

100 

20 

17 

70 

40 

30 

3 i 

80 

9 

40 

62 

90 

0 

50 

85 



Small quantities of 

nitrates were being produced when 

the soil 


contained only io percent of its water-holding capacity of water; 
but when this is increased to 90 percent nitrification ceases. There- 
fore, an excessive quantity of water is more detrimental than is 
insufficient water. It is interesting to note that the optimum moisture 
content for soil for the production of many of our staple crops is 
nearly 60 percent of the water-holding capacity of the soil. (1, 
page 380.) 

Under optimum conditions there may be produced from 50 to 100 
pounds of nitric acid in an acre of soil during a season (5). This, 
when converted into a nitrate, becomes a valuable supply of food to 
the growing plant. This quantity of acid must of necessity liberate 
appreciable quantities of phosphorus and potassium in the soil which 
therefore becomes available to the growing plant. Therefore, keep- 
ing the soil supplied with 60 percent of its water-holding capacity of 
water is supplying the plant with both water and plant-food. 

Moreover, the production of other acids by bacteria is dependent 
upon optimum moisture content. They obey the same laws. Wc 
find the quantity of carbonic acid produced in twenty-four hours in 
a good arable soil supplied with the optimum amount of moisture to 
be enormous. Some results indicate that this at times may be as 
much as 67 pounds per acre (7). The resulting carbonated waters 
would react on tricalcium phosphate of soil, forming more readily 
soluble acid phosphates, for tricalcium phosphate is four times as 
soluble in water charged with carbonic acid as it is in pure water : 
Ca 3 (P 0 4 ) 2 + 2 C 0 2 + H 2 0 = Ca 2 H 2 (P 0 4 ) 3 + Ca(HC 0 3 ) 2 

This would mean that sixty-seven pounds of carbon djoxid is 
capable of transforming 236 pounds of tricalcium phosphate into 
280 pounds of the soluble diacid phosphate, provided all of the carbon 
dioxid is utilized for this purpose. This shows the tremendous 
potential solvent powers of bacteria. 

Potassium occurs in soil mainly as silicates and is rendered soluble 
by the nitrous, nitric, sulfuric, acetic, lactic, butyric, and carbonic 
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acids generated by the bacteria. The last-named may react with inert 
potassium, producing available potassium according to the equation : 
Ai 2 0 8 K 2 0 . 6 Si 0 2 + C0 2 + 2 H 2 0 = Ai 2 0 3 . 2 Si 0 2 + 2 H 2 0 + K 2 C 0 3 . 

Where only sufficient water is added to a soil to moisten or even 
saturate it and none drains from the soil, plant-food remains in the 
soil to be utilized by the growing plant. But when more water is 
added than the soil can hold, it passes through the soil and carries 
with it the soluble minerals. The magnitude of this factor is 
exemplified by the enormous quantities of the various salts found in 
the waters of some lakes and oceans. 

It is estimated that the rivers of North America carry to the ocean 
each year 474,000,000 tons of soluble constituents, a quantity sufficient 
to cover one hundred acres to a depth of nearly three thousand feet. 
Although the greater part of this is common salt and other non- 
valuable compounds, yet there are appreciable quantities of valuable 
salts, as is witnessed by the 33.4 pounds of potassium, the 22.cS pounds 
of nitrogen, and 3.5 pounds of phosphorus which we have found to 
be the average quantity contained in one acre-foot of the streams of 
the inter-mountain region. Even as much as 133.0 pounds of 
potassium have been found in some drain waters (4). 

Carefully controlled experiments, extending over a period of nearly 
fifty years, have been conducted at the Rothamsted Experimental 
Station in England where the yearly rainfall is about 30 inches and 
the annual loss of nitrogen was found to be 35.5 pounds per acre. 
This is about the loss which experiments covering a period of ten 
years indicate occur at the Logan Greenville Experimental Farm 
where 25 inches and over of irrigation water is applied to a soil 
during a season. 

The economic value of this is seen from the fact that this quantity 
of nitrogen in the form of a commercial fertilizer would cost $10.55. 
Moreover, grain grown on soil from which the available nitrogen is 
being continually washed is low in protein. Undoubtedly, the great 
merits of our dry-farm wheats as bread-makers is due in a large 
measure to the fact that the scanty rainfall is not sufficient to remove 
the soluble nitrogen from the roots of the growing plants. Yet certain 
farmers in irrigated districts leach out the plant-food with irrigation 
waters and then wonder why their soils are not productive. 

The Valley of the Nile has become famous in irrigation history not 
because it was among the first irrigated districts of the world, but due 
to its extremely fertile fields, the fertility of which has been main- 
tained throughout the ages. Other soils just as fertile have become 
barren. The Valley of the Nile owes its lasting fertility to the flood 
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waters which carry to it rich deposits of silt each year. Hence, we 
find that a soil's fertility may increase and not decrease through 
correct irrigation practices. 

Where water is applied to a soil in moderation none leaches from 
it, and as the water evaporates it deposits within the soil its soluble 
and insoluble plant-food. 

The following results have been obtained during the last few years 
at the Utah Experiment Station (4) in a study of the irrigation 
waters of the Intermountain region. „ 

Hundreds of samples of water representing fifty-eight streams 
the majority of which are extensively used for irrigation purposes, 
have been analyzed. These waters vary in potassium content from 
59 parts per million to only .79 part per million. Slightly over one- 
half of the waters contained 5 parts per million. The importance of 
these results becomes more obvious when we examine the pounds of 
potassium carried to an acre of soil by two acre-feet of water. This 
varies from 266.6 pounds jn the case of the highest to 4.4 pounds in 
the case of the lowest, with an average potassium content of 33.4 
pounds per acre. 

These results are not without economic significance, for the highest 
amount of potassium found would be sufficient to produce 370 bushels 
of corn, 230 bushels of wheat or 34 tons of sugar-beets. 'The average 
for the stream is sufficient to produce 47 bushels of corn, 29 bushels 
of wheat, or 4 tons of sugar-beets. 

Many of the soils of the intermountain region are rich in potassium ; 
hence, this element is not as important as is phosphorus, which, 
although used by the crop in smaller quantities, is nevertheless at 
times the limiting factor in crop production. 

The total phosphorus of the irrigation waters analyzed varied from 
traces to 5.47 parts per million. The great majority of them, how- 
ever, contained less than one part per million. The average in 2 acre- 
feet of the water from these streams was 3.46 pounds, for that from 
the wells, 3.36 pounds; and for that from the drains, 1.82 pounds. 

The phosphorus in two acre-feet of the water from the richest 
stream is sufficient for the production of 175 bushels, of corn, 120 
bushels of wheat, or 33 tons of sugar-beets. In the case of all the 
other streams, while not as high, it undoubtedly plays a part in 
maintaining the phosphorus content of the soil. 

Even more important than the phosphorus is the nitrogen of the 
waters, for nitrogen is the limiting factor of crop production in most 
of the soils of the Intermountain region. This varies from traces 
up to 24.3 parts per million. The average quantity of nitrogen in two 
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acre-feet of the irrigation water is 22.8 pounds, while that in the 
highest is 132.2 pounds per acre. This would be sufficient to produce 
186 bushels of corn, 114 bushels of wheat, or 17 tons of sugar-beets. 

Moreover, there are in most of the soils of Utah numerous aerobic 
and anaerobic nitrogen-fixing bacteria. Our work indicates that these 
may increase the soil nitrogen twenty to thirty pounds per acre yearly. 
The quantity fixed, however, depends, among other things, upon the 
water in the soil (1). 


Water stated as percent of 

Nitrogen 

Water stated as percent of 

Nitrogen 

water-holding capacity 

gain 

water-holding capacity 

gain 

10 

30 

60 

75 

20 

25 

70 

100 

30 

25 

80 

90 

40 

38 

90 

45 

50 

45 

100 

25 


It is at its maximum when the water contained in the soil is between 
60 and 70 percent of the soil’s water-holding capacity, and when the 
soil becomes filled with water the actual gain is only one-fourth what 
it is when the optimum moisture content is maintained. 

These results probably help to explain the remarkable productivity 
of many of the irrigated soils of the arid regions. Some of them 
have been producing crops undiminished in quantity for upward of 
fifty years, and there is no reason why a limited few soils on which 
the richer irrigation waters are being used cannot continue for another 
fifty or one hundred years to produce maximum crops. 

In addition to potassium, nitrogen, and phosphorus irrigation water 
carries varying quantities of soluble salts which may at times be con- 
centrated enough to become a menace when the water is used for 
irrigation purposes. For instance, of the fifty-eight (2, 3) streams 
examined, the majority of which were extensively used for irrigation 
purposes, we find that thirteen of these carried soluble salt in danger- 
ous amounts, if interpreted in the light of Hilgard’s criterion that 
irrigation water should not contain over forty grains per gallon (571.2 
parts per million). 

The total soluble salt content of these fifty-eight streams varied 
from 60 parts per million to 1,312 parts per million. Moreover, it was 
found that a stream may be comparatively free from “ alkali ” during 
part of the year, but at other times it may be heavily charged with 
it The melting of snow in the mountainous region usually has the 
effect of freshening the water, but local rains often have the opposite 
effect. In addition, drainage water, especially from “ alkali ” soils, 
greatly increases the soluble salt content of the stream. 
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The magnitude of the problem which confronts the users of these 
waters and the speed with which the soils may deteriorate is made 
clear by two examples. In one instance, a stream carried sufficient 
salts in it that one acre- foot would deposit on the soil 3,581 pounds 
of soluble salts, or twenty such irrigations would reach the enormous 
sum of 71,600 pounds — sufficient, if allowed to accumulate, to render 
the soil barren. Another stream would carry to the soil in the same 
time and under the same conditions over 15 tons of salt. 

It is therefore evident that the intelligent use of irrigation water 
is a complex problem which requires a knowledge of the chemical, 
physical, and biological properties of the soil, together with a knowl- 
edge of the composition of the water and its influence upon the 
chemical, physical, and biological changes going on in the soil. One 
user of irrigation water may make of it a tool for making the desert 
bloom like the rose, whereas another user may through its use trans- 
form the most productive fields into a barren waste. 
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A NEW MUCK SOIL PROBLEM AND ITS SOLUTION . 1 

M.E. Sherwin, R. B. Etheridge, and A. Durham . 2 

The problem here set forth is presented because it is believed to 
be unique in the development- of muck lands. A brief history of 
the land leading up to its present condition will, therefore, be given. 

1 Paper read at the meeting of the Society held at New Orleans, La., November 
8, 1922. 

* Professor of Soils, Instructor in Soils, and Fellow, respectively, North Carolina 
State College of Agriculture and Engineering, Raleigh, North Carolina. 
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LOCATION AND HISTORY 

The area is situated in Beaufort and Washington Counties, North 
Carolina, and comprises a hundred square miles or less depending 
upon the particular character, or the intensity of that character, which 
might be considered as essential to the placing of the soil in the 
unique class herein noted. The several characteristics of the soil 
vary and do not appear in their greatest intensity coextensive with 
each other. Except when otherwise noted, the soil conditions men- 
tioned in this paper are those of the muck soil on the Nissen Farms 
at Terra Ceia. 

The agricultural development began with the dredging of canals, 
by private capital, prior to the first sale of these lands for agricultural 
purposes, about ten years ago. Considerable care was exercised by 
the development agent to sell the tracts only to buyers with sufficient 
capital to clear and complete the development. 

To clear the land, the timber was cut and when dry, burned where 
it fell. “ Stuck ” corn was then grown and the land burned again 
the next spring. Two or three crops of corn were thus grown, after 
which the remaining stumps were pulled and together with remaining 
logs dragged into piles for a final burning. 

At this time, the land was better drained -by lateral ditches, usually 
ten to the mile, and cultivation with implements was begun. The 
yield of “ stuck ” corn probably averaged about fifty bushels per 
acre and this yield was maintained for a few years after cultivation 
began. The yields were then depressed and drainage became less 
effective. With the hoj>e of remedying this condition, two lateral 
ditches were dug between each pair of original ditches making thirty 
ditches per mile. Notwithstanding these additional ditches, the land 
fails to drain properly. 

FIELD OBSERVATIONS. 

The muck layer originally averaged about four feet deep. Settling 
and decay have reduced this to about two and a half feet on the land 
which was first developed. The furrow slice drains well and is 
loose; but immediately below this, the soil remains extremely wet. 
Although no water will drain from it in a month’s time, water can 
be squeezed out as from a sponge by pressing it in the hands, even 
after a long drought. It appears tight, close, and soggy. Corn roots 
will scarely penetrate below the furrow slice, with the result that 
corn fires badly. Soybean roots penetrate the subsoil and withstand 
the unfavorable conditions somewhat better. 

In September, 1921, the unfavorable soil conditions were found 
not to be uniformly bad in any single field. The worst fields were 
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found to be speckled with good and poor spots. It was noted that 
the subsoil was wetter and more compact in the unproductive spots, 
tho a difference was not always evident jn the surface soil. 

Where much tramping by animals has been done the crops are 
uniformly poor. The running of a disc ten or twelve times across a 
field in the same track gives a strip of poor crop, due apparently to 
the increased packing of the subsoil. It seems that the less tillage 
the better, after a very moderate amount has been given. It seems 
also that tractors and heavy machinery which have given very favor- 
able results on other muck lands will do this land considerable injury. 

LABORATORY OBSERVATIONS. 

In January, 1921, samples of soil were taken from one of these 
fields and sent to Washington, D. C. for a determination of its acidity. 
The lime requirement of these samples, as reported by the Bureau 
of Soils, is slightly in excess of one ton CaC 0 3 per acre inch. 

Another sample was sent to the Soils Laboratory of the North 
Caroline State College, where the following observation, were made : 
The colloidal matter of the soil was found to be negatively charged. 
It was also found to be precipitated by certain acids and acid salts. 
Thus, sulphuric acid, equivalent to 1 ton of sulphur per two million 
pounds of wet soil (the weight of about an acre 10 inches) causes 
perceptible clearing in twenty-four hours of a suspension which 
otherwise will not clear in several weeks. Larger applications of acid 
increase this rate of clearing. The breaking strength of puddled 
and dried briquettes made from this muck, to which sulphuric acid 
lias been applied in puddling was diminished. Commercial acid 
phosphate used for fertilizer purposes when added at the rate of 50 
tons per two million pounds of wet soil is about as effective as sul- 
phuric acid equivalent to one ton of sulphur. Smaller applications 
than this did not show any effect on the rate of clearing. Lime and 
calcium carbonate caused the solutions in which these mucks were 
suspended to retain their full cloudy condition longer than the check 
solutions. These materials when used at the rate of one to five tons 
per acre increased the breaking strength of briquettes. Drying the 
soil at room temperature greatly reduces its power of absorption. 
The following tabulation shows the variation in the water-holding 
capacity of the soil before and after drying and when left in water 
at different temperatures: 

Water-holding capacity as taken from the field • 264.93% 

After being oven dried and then allowed to stand 4 days 

in water .. * 18.30% 
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Same soil after standing 12 hours in water 80 °C absorbed 


additionally 41 .22% 

Total absorbed 59.52% 


This effect of drying on the water-holding capacity is easily noticed 
in the field. 


COMPARISON OF SOIL FROM[PRODUCTIVE AND UNPRODUCTIVE SPOTS. 

Samples of soil were taken from the productive and unproductive 
spots noted above for comparison in the laboratory. The following 
is a tabulated statement of results obtained in the preliminary tests : 


Cplloidal matter * . 

Loss on ignition of soil 

Loss on ignition of colloid portion .... 
Loss on ignition of non-colloid portion 

Capillary water capacity 

pH (determined colorimetrically) . 


Productive 

5126% 

85.68% 

93-66% 

77 . 28 %) 

438.93 

45 


Unproductive 

48 . 87 % 

8909 % 

94 29% 
84 . 11 % 

646.73 

4 5 to 5 


* Material which remained in suspension after standing 3 days was blown off. 
The residue was again agitated; left to settle another 3 days; and again blown off. 
Material thus blown off is termed “ colloidal.” 

It will be noticed that the colloidal matter is slightly higher in the 
productive spots than in the unproductive spots. This is contrary to 
what was expected from the appearance of the soils. The loss on 
ignition of the colloid portion is nearly the same regardless of pro- 
ductivity and the loss on ignition of the total soil not strikingly dif- 
ferent. The loss on ignition of the colloid portion is five to eight 
percent greater than that of the total soil and ten to sixteen percent 
greater than that of the non-colloid portion. # 

The percentage of capillary water absorbed is very high for both 
soils; but is decidedly higher in unproductive soil. A comparison 
of the amount of water absorbed by these soils with that absorbed by 
the soil previously examined indicates a very wide variation in the 
water holding capacity depending upon the location from which the 
sample is taken. Much more work must be done before we can state 
positively which is most characteristic of the entire area or what 
the extreme limits are within the area. 

Pending further investigation, the recommendation of ridged 
cultivation has been made to aid field practice; the object being to 
dry a maximum amount of the soil, thus limiting its colloidal matter 
and reducing its water holding capacity. There is field evidence on 
somewhat similar soil at Wenona that this treatment will give good 
results. 
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AGRONOMIC AFFAIRS. 

PROGRAM FOR THE ANNUAL MEETING. 

President Call has announced that the program of the annual 
meeting of the Society, to be held in Washington, D. C\, in November, 
will consist chiefly of the following symposia : 

“ Phosphorus as Related to Crop Production, ,, in charge of 
Dr. Firman E. Bear, Ohio State University; 

“ The Improvement of Agronomy Teaching,” in charge of 
Dr. W. C. Etheridge, University of Missouri ; 

“ Experimental Methods as Applied to Field Tests,” in charge 
of Dr. H. H. Love, Cornell University. 

It is planned that the first of these symposia shall occupy the 
program for the first day, and the other two for a half-day session 
each on the second day. 

An important item of business at the annual meeting will be the 
decision on the question of whether the American Society of 
Agronomy will accept the invitation which has been extended to it 
to become one of the charter members of the proposed “ Federation 
of the Biological Societies of America.” President Call and the 
Editor attended the conference which was held in Washington, D. C., 
on April 23rd, under the auspices of the Division of Biology and 
Agriculture of the National Research Council, at which the proposal 
to form the new Federation was adopted. 

• WINTERJMEETIN G OF THE SOCIETY. 

A joint meeting of the Society with Section O of the American 
Association for the Advancement of Science will be held in Boston, 
next December. There will also be a separate session of the Society, 
at which there will be a symposium discussion of the topic “ Soil 
Toxicity in its Relation to Economic Crop Production.” The sym- 
posium is being arranged by Dr. B. L, Hartwell, of the Rhode Island 
Experiment Station. 

NOTES ANDJNEWS. 

On April 1st, C. B. Hutchison, formerly Professor of Plant 
Breeding at Cornell University, removed to Davis, California where 
he will be Director of the Davis Branch of the University of Cali- 
fornia College of Agriculture, and Professor of Plant Breeding. 

C L. Finch, of the Bureau of Markets and Crop Estimates of the 
United States Department of Agriculture, will be in charge of the 
enforcement work under the Grain Standards Act, with headquarters 
at Chicago, as successor to A. W. Herger, who died recently. 
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PROGRESS IN STANDARDIZING THE INTRODUCTORY 
COURSES IN SOILS . 1 

M. F. Miller . 2 

The standardization of courses in agricultural subjects has been 
practically impossible, thus far, because of the rapidly developing 
body of subject matter and because, as applied sciences, these courses 
have been greatly affected by local conditions. It would seem, how- 
ever, that a condition has been reached in which the introductory 
courses in certain of the more fundamental subjects, such as soils, 
field crops, and animal husbandry, have come to embrace practically 
standard bodies of subject matter and that the time is ripe for efforts 
toward standardization. If approximate standardization can be 
brought about, it will make possible more rapid progress in the 
improvement of the courses, both in the selection of subject matter 
and in methods of teaching, while at the same time the transfer of 
credits between institutions will be facilitated. 

There is little doubt that the subject matter of the introductory 
course in soils is more nearly uniform than that of other introductory 
agricultural subjects. This is because it is an outgrowth of the basic 
sciences of physics, chemistry, biology, and geology. Probably the 
subject has depended too largely on these sciences and has not 
developed a sufficiently distinctive type of subject matter; but when 
allowance is made for variations in local conditions, the material 
included in standard soils texts is essentially the same. The effect 
of local and climatic conditions on the character of the subject matter 
must always be recognized, but in most cases these variations offer 
no great obstacle to standardization. When, however, climatic con- 
ditions differ as radically as those of the group of states lying west 

1 Paper read at the meeting of the Society held at New Orleans, La., November 
8, 1921. 

2 Professor of Soils, University of Missouri, Columbia, Mo. 
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of the hundredth meridian and those lying east of this line* a single 
course can scarcely be adapted to both sections. Doubtless the fund- 
amental principles will be the same, but the problems of soil moisture 
storage, of irrigation, and of alkali control are of paramount impor- 
tance in the West while the problems of fertilizer practice are of 
great significance in most of the eastern states. It seems probable, 
therefore, that the subject matter and practicums must be materially 
modified and rather distinct courses developed for the two regions. 

The conference which was held at Lexington, Kentucky, in June 
1920, was made up largely of representatives of the eastern group 
of states, and the course outlined there was intended primarily for 
use in that region. At about the same time a conference of men from 
the western states was held on the Pacific Coast, so that the prospects 
of developing distinct standardized Courses for the two regions are 
very good. As three-fourths of the states are represented in the 
eastern group, I suppose the greatest interest centers upon the type 
of course best suited to this region. 

The Lexington conference attempted to outline the essentials of a 
5-semester-hour required sophomore course, or its equivalent, con- 
sisting of three class periods, one quiz or discussional period, and 
one laboratory or practicum period each week. Little attempt was 
made to outline the details of the subject matter of the course since 
it was taken for granted that this would embrace' approximately 
what is included in standard texts written by men in the eastern 
region. The laboratory and practicum work was, however, rather 
definitely outlined. It included studies of minerals and rocks, some 
physical studies and some chemical studies, together with certain 
practical exercises and field trips. The fundamental idea in arrang- 
ing the laboratory outline was to avoid lengthy laboratory exercises 
designed to teach laboratory technique and to substitute material 
which would give definite information about soils. The purpose of 
the entire course, as conceived by the conference, was to impart as 
much information to the student as possible and to avoid making 
it simply a preparatory course for further soils work. Since most 
of the students who take such a course will secure no further train- 
ing in the subject, it is only fair to give a well-rounded course includ- 
ing a general survey of the field, one which is designed to meet the 
needs of the majority of the students. 

It is, of course, too early to report any marked progress in the 
adoption of such a course in the various institutions, although a 
brief statement of the manner in which the soils instructors are 
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reacting to the plan, seems worth while. In answer to an inquiry, in 
the form of a brief questionnaire sent to the agricultural colleges 
throughout the country, 38 responded, 30 from the eastern states and 
8 from the western states. The following is a brief summary of the 
most significant facts brought out by these replies. 


Approval or disapproval of course plan. Eastern Western 

group. group. 

Distinctly favorable 21 

Favorable with modifications 6 7 

Not distinctly favorable 3 1 

Number using the course. 

Using course as outlined 5 

Using course with slight modification 6 1 

Giving a somewhat similar course but with material modifica- 
tions 8 6 

Giving a dissimilar course 1 1 1 

Credit hours in course. 

Three credits or less 8 1 

Three to five credits 18 5 

Six credits or more 4 2 

Year in which course is offered. 

Sophomore 19 6 

Junior 8 2 

Divided between two years 1 

No information 2 


It is surprising that so large a percent of the men reporting are 
in favor of the general plan. As only fifteen institutions were 
represented in the Lexington conference, all of the others were made 
familiar with the details of the plan through written and published 
statements. In spite of this fact, 70 percent of all the eastern insti- 
tutions reporting, are favorable to the plan, while most of the 
remainder favor it with some modifications. Of the western insti- 
tutions reporting, all except one are favorable to the plan, although 
as would be expected, most of them suggest that modifications are 
necessary in order to adjust it to western conditions. It is of 
interest to note that of the two men who dissented at the Lexington 
conference, one writes that he has practically concluded that the plan 
is a wise one, while the other offers no objections, except to insist 
that he still favors a larger amount of chemical and biological work 
than is provided in the laboratory outline. It may be of further 
interest to state that several of the institutions reporting were 
already giving practically the course as outlined or one very similar 
to it. Of eastern men who have been able to give the course a trial, 
either as outlined or with slight modifications, all favor it; although 
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most of them admit that the time has been too short to form a 
satisfactory opinion or to suggest definite changes. It should be 
said, too, that most of the men who are giving a course quite dis- 
similar to the one suggested are nevertheless in favor of the plan' 
and express themselves as moving in that direction. 

As might be expected, there is some difference of opinion with 
reference to the place which such a course should occupy in the 
curriculum. Slightly more than 60 per cent of the eastern men 
and 75 per cent of the western men favor the sophomore year, the 
remainder favoring either the junior year or a division of the course 
between the two years. Those who' favor the junior year do so 
largely because of a desire to secure greater training in the basic 
sciences. It must be admitted that, so far as the efficiency of 
technical soils instruction is concerned, physics, geology and at least 
io hours of chemistry should be prerequisites ; but for such a course 
as the one outlined, general inorganic chemistry and physics are 
the only courses absolutely essential. On the whole, the advantages 
of offering the course in the sophomore year seem to outweigh the 
advantages of more thorough training in the basic sciences. When 
thus offered, a better foundation is laid for advanced courses in 
field crops, and horticulture. It is also possible to reach a large 
number of students who return to the farm at the end of the sopho- 
more year, and, a matter which is of special interest to soils 
instructors, it offers greater opportunity for students to take advanced 
soils courses. 

The plan to make this introductory soils course one which meets 
the needs of the student who will take no further work in soils 
seems to have been well received. Several men comment on the 
wisdom of this plan and no objections are offered. There is little 
doubt that this matter is of fundamental importance and that it will 
utimately be favored in the majority of the institutions. 

. The greatest difference of opinion centers on the character of the 
laboratory work and practicums. Several men still contend for a 
considerable amount of detailed laboratory work, including much of 
a chemical nature. It must be admitted that such laboratory exer- 
cises have much to commend them, but it is practically inipossible 
to arrange such a laboratory course which does not waste the aver- 
age student’s time in physical exercises of doubtful value, or con- 
sume much of his effort in learning the technique of chemical 
determinations. ' * 

Several men comment on the value of having the laboratory 
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work parallel that of the class room, which is made possible by this 
plan. Certainly this is good pedagogy. It is doubtless one of the 
strong features of the course. Others mention the importance and 
popularity of field trips and practical exercises which make it pos- 
sible for the student to learn something of soils in the field. Such 
a form of instruction, properly organized, cannot but interest the 
student, and give him more valuable information than much of that 
which has heretofore been offered in the laboratory. It is a part 
of the attempt to give a well rounded course of particular value to 
the majority of the students. 

The allotment of time between class, quiz and laboratory periods 
has not met with universal approval. This is because under some 
curricula it is impossible to arrange the suggested time allotment, 
because some men still insist on more laboratory work than the 
plan provides and because some object to devoting one whole period 
each week to a quiz. It is of course impossible to meet all of these 
objections and doubtless it is unnecessary. The utilization of the 
quiz period may well be left to the discretion of the individual 
instructor. The whole matter is one of pedagogy. If men prefer 
to use a part of each day as a discussional or quiz period there 
should be no objection. It is probably sufficient that the matter has 
been brought to the instructor's attention. It will serve to bring 
about better teaching and more attention to the pedagogy of the 
subject, which after all are among the greatest benefits to be derived 
from a standardized course. One instructor suggests that the suc- 
cess of the course as outlined depends largely upon the ability of 
the teacher to hold the interest of the students. There is little doubt 
that with only one laboratory period in a five hour course, much 
more depends upon the instructor than where more laboratory work 
is given. He must be alert. He must study methods of presenting 
subject matter. He can no longer depend upon a routine of labora- 
tory work to consume the student's time. 

The replies received from the various institutions, regarding the 
desirability of adopting such a course, show a remarkable unanimity 
of opinion. Of those who have given the plan a trial, all are in 
favor of its continuance. Just how generally such a course will be 
adopted in detail, only time will tell. Doubtless, many institutions 
will find it impossible to accept it exactly as outlined because of 
curriculum difficulties, since every curriculum is a compromise. 
Sometimes too there may be local difficulties which may prevent its 
adoption. On the whole, however, the indications are that con- 
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siderable progress is being made and the course as outlined seems 
to offer a good basis upon which to work toward ultimate standard- 
ization. 

CONTROL OF COTTON WILT BY THE USE OF POTASH 

FERTILIZERS . 1 

Loy E. Rast. 3 

During the spring of 1920, nine five-acre fertilizer experiments 
with cotton were located on different plantations near Scott, Arkansas. 
The soil is alluvial river land known as “ Lonoke very fine sandy 
loam.” On each of these areas different fertilizers were used at 
each place; but all were applied at the rate of 500 pounds per acre. 



Fig. 1 . Healthy, vigorous plants on left were fertilised; on right, no fertilizer 
was used and all plants died. 

One grower used 500 pounds per acre of a mixture containing 
10 percent phosphoric acid, 3 percent nitrogen and no potash. The 
cotton plants in this field on both the fertilized and unfertilized areas 
in 1920 died so badly that no record was kept of the yield of cotton 
produced. The experiment was to continue on the same area for 

1 Paper read at the meeting of the Society held at New Orleans, La., November 

8, 1921. 

2 Agronomist, Little Rock (Arkansas), office, Farm Service Bureau, Southern 
Fertilizer Association. 
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five years and something had to be done in order to get any results 
that would justify the expense for fertilizers. The writer suggested 
that 500 pounds of the same fertilizer as was used in 1920 (contain- 
ing 10 percent available phosphoric acid, 3 percent nitrogen and no 
potash) be mixed with 500 pounds of kainit containing 12.5 percent 
potash. This mixture contained, as shown by analysis, 5 percent 
available phosphoric acid, 1.5 percent nitrogen and 6.25 percent 
potash, it was applied in the spring of 1921, at the rate of 1000 
pounds per acre, before planting. The plants on the unfertilized 
area began to die long before they were mature and were evidently 
infected with the disease “ cotton wilt/’ By harvest time, no less 



Pig. 2. Part of the field to which potash fertilizer was applied, 
no wilted plants. 


than 95 percent of the plants on the unfertilized area were dead and 
not a dead plant could be found in any part of the field where the 
fertilizer was used. 

The fertilized area produced 1127 pounds of seed cotton per acre; 
whereas, the disease-infected part of the field to which no fertilizer 
was applied produced only 225 pounds of seed cotton per acre. Plants 
on an adjoining area to which 500 pounds per acre of fertilizer con- 
taining 10 percent available phosphoric acid, 3 percent nitrogen and 
no potash was applied before planting and to which 500 pounds per 
acre of kainit was used as an additional application after the plants 
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were up and growing, were equally resistant to the disease and just as 
prolific. 

Certainly the control of cotton wilt by the use of commercial 
fertilizer was something new. It was evidently due to the potash in 
the fertilizer, but even the manufacturers and dealers of this material 
had never made such a claim for it. To preclude any chance of 
mistaken identity of the disease, Dr. John A. Elliott, Plant Pathologist 



Fig. 3. Part of the field to which no fertilizer was applied. All of the 
plants died of wilt. 

for the Arkansas State Experiment Station, was summoned and after 
a thorough inspection of the field, he wrote : 

“ Your experiment on Mr. ’s place was indeed striking. 

There is no doubt that the field is heavily infected with wilt, as practically every 
cotton plant on the check plot was dead or dying of the disease when I saw it. 
The plants on the adjacent kainit plot were remarkably free from wilt infection 
and 1 doubt if there was any material reduction in yield on this plot due to wilt. 
I do not attempt to make an explanation of the facts but to all appearances the 
treatment the kainit plot received enabled the plants this year to very largely 
escape wilt infection.” 

These experiments will be continued and various kinds and quan- 
tities of potash, both alone and in combination with other plant foods, 
will be used to determine their effectiveness in controlling this 
disease. 



GRAINS GROWN IN COMBINATION FOR GRAIN 
PRODUCTION . 1 

C. A. Zavitz . 2 

For over a quarter of a century, various experiments in growing 
grains in mixtures for grain production have been conducted at 
the Ontario Agricultural College. It is interesting to observe in 
connection with the crop production of Ontario that the greatest 
areas in 1921 were used for the growing of oats, fall wheat, mixed 
grains, barley, husking corn, spring wheat, buckwheat, rye, peas, 
and beans, in the order here given. 618,289 acres were used for 
mixed grains in the past season, this acreage being almost equal to 
that used for the growing of winter wheat. It will be seen, there- 
fore, that the growing of grains in definite combinations is occupy- 
ing an important place in crop production in the Province of 
Ontario. j 

For six years in succession an experiment was conducted at the 
Ontario Agricultural College by growing oats, barley, spring wheat, 
and peas separately and in various combinations for the production 
of grain. Six mixtures having two classes of grain in each mixture, 
four having three classes of grain in each mixture, and one having 
all four classes of grain in combination were used each year. This 
made in all eleven mixtures, besides the four grains grown sepa- 
rately, requiring in all, fifteen plots. The experiment was conducted 
in duplicate, thus making thirty plots each year or one hundred and 
eighty plots in the six-year period. Varieties were selected which 
matured uniformly. The varieties were cut when they reached the 
proper stage of maturity and when dry were taken to the experi- 
mental barn and threshed. The grain was then cleaned and care- 
fully tested, and the results recorded. The following table gives 
the average results in yield of straw and in yield of grain per acre 
of each of the eleven different mixtures as determined by twelve 
separate tests conducted in the six-year period. It also gives the 
comparative average results for the same grains when grown 
separately : 

1 Paper read at the meeting of the Society held at Toronto, Canada, December 
28, 1921. 

“Professor of Agronomy, Ontario Agricultural College, Guelph, Ontario, 
Canada. 
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Table i. — Yields of grains grown separately and in mixtures. 

Yield per acre. 

Straw. Grain. 

Grown Grown Grown Grown 


Varieties of grain grown in mixtures. 

separately 

(tons). 

in mixtures separately in mixtures 
(tons). (lbs.). (lbs.). 

1. 

Barley and oats 

1 . 5b 

1 -74 

• .935 

2,261 

2. 

Barley, peas and oats 

1 47 

1 .67 

1,489 

2,101 

2,067 

3* 

Barley, wheat and oats 

1-47 

1.72 

1,683 

4- 

Peas and oats 

1 52 

1 77 

1,873 

1 ,988 

5- 

Barley, peas, wheat and oats . . 

. 1 -43 

1 71 

1,682 

1,955 

6. 

Wheat and oats 

1.52 

1.68 

I ,624 

1 ,921 
1,860 

7. 

Peas, wheat and oats 

1.44 

, * 73 

I ,642 

8. 

Barley and peas 

*■33 

1.56 

1J40 

1 ,760 

9- 

Barley , peas and wheat 

1 32 

1 57 

1.553 

1,665 

10. 

Wheat and barlev 

1 • 33 

1.41 

1 .491 

1,558 

11. 

Peas and wheat 

1.29 

1 37 

1,429 

1,332 


The foregoing results show that a mixture of barley and oats 
gave the highest production of grain, the average yield per acre 
being 2,261 pounds as compared with 1,322 pounds produced from 
a combination of peas and wheat under similar conditions. This 
makes a difference in yield per acre of 939 pounds of grain pro- 
duced by the barley and oats in comparison with that obtained from 
the peas and wheat. It is interesting to note that, with only one 
exception, the grains grown in combination gave a greater yield per 
acre than the average production of the same grains When grown 
separately. As for instance, barley and oats when grown together 
gave 326 pounds of grain per acre more than the average of the 
two grains when grown separately. The only exception to the rul& 
of the comparatively higher returns from the mixed grain is in the 
case of peas and wheat when the mixture gave an average of 107 
pounds per acre less than the average of the two grains when grown 
by themselves. In the yield of straw, the mixed grains came the 
highest in every instance. The greatest yield per acre of straw was 
produced from the peas and oats grown in combination. 

From the general results, it appears that the different classes of 
grains exerted an influence on the productiveness of the mixtures 
in the following order, namely : — oats, barley, peas and wheat, the 
oats having the greatest influence and the wheat the least. From a 
study of the detailed results of the experiment in growing the grains 
separately and in different combinations, it was found that in about 
90 percent of the experiments the mixtures produced a greater yield 
per acre in comparison with the same grains when grown separately. 
Barley and oats, when grown in combination in the six-year experi- 



ZAVITZ: GRAINS GROWN IN COMBINATIONS 


227 


ment, gave 193 pounds of threshed grain per acre more than the 
highest yielding grain when -grown alone. 

Having learned as the result of experimental work that a mixture 
of barley and oats was well adapted to a large production of grain, 
it became of importance to know the best proportions of these 
grains to use in combination to give the most satisfactory results. 
In the solution of this question alone, experiments have been con- 
ducted annually for fifteen years, there being three sets of experi- 
ments each running for five years. In all twenty-five different pro- 
portions of barley and oats have been carefully tested in each of 
five years. As the result of three separate tests, it was found that 
the greatest yield of grain per acre was produced by using a mix- 
ture of one bushel of barley (48 pounds) and of one bushel of oats 
(34 pounds) per acre, making a total of 82 pounds of seed per acre. 

While there has been quite a decided advantage in growing 
different classes of grain in combination, there has been practically 
no advantage observed in numerous other experiments in growing 
in combination different varieties of the same class of grain. For 
instance, the results of experiments in growing different varieties 
of winter wheat in combination for five years in succession showed 
no advantage over growing the same varieties separately. This 
held true also in regard to the growing in combination different 
varieties of oats and again in growing together different varieties 
of barley, although in the case of barley, there was a very slight 
advantage from growing the varieties in combination. 

Extensive experiments in the testing of different varieties of 
barley and of different varieties of oats were conducted over a 
series of years in order to ascertain the most suitable varieties for 
using in combination. In one test alone there were nineteen different 
combinations of varieties grown in duplicate tests in each of five 
years. An ordinary-ripening variety of barley and an ordinary- 
ripening variety of oats will not ripen at the same time. It is neces- 
sary to either use a six-rowed barley and an early variety of oats 
or a two-rowed barley with a late maturing oat according to the 
varieties which have been tested at the Ontario Agricultural Col- 
lege. The results of the experiments have shown that the highest 
yield and the best satisfaction throughout has been obtained from 
a high yielding six-rowed barley and a high yielding early oat. 
The O. A. C. No. 21 barley when grown in combination with the 
O. A. C. No. 3, the Alaska, or the Daubeney oats has given excel- 
lent returns. 

Some farmers have been under the impression that, if a com- 
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paratively small quantity of rye, or wild goose spring wheat, or 
flax, was added to a mixture of oats and barley, they would receive 
in the resultant crop, not only as large a yield of oats and barley 
as if these two grains had been grown without any additional seed, 
but that they would obtain a fair yield of rye, or goose wheat, or 
flax, in addition. Results of numerous experiments have shown 
that this has not been the case and that so far no additional grain 
of any kind has been used with a standard mixture of barley and 
oats which has not caused an actual reduction in the total yield of 
grain per acre. 

In experiments in which from eight to twelve different classes 
and varieties of grain have been grown in combination and in which 
the resultant crop has been separated into its different factors, it 
has been found that the greatest influence in high production has 
been exerted by barley and the second highest by oats. 

From the various lines of experimental work which have been 
carried on, it will be seen that, if the right varieties and the right 
proportions of barley and oats are grown together under favourable 
circumstances, a comparatively high yield of the mixed grain may 
be expected. 

EFFECT OF FERTILIZATION ON THE GROWTH OF 
SUGAR BEETS ON SOME MICHIGAN MUCK SOILS . 1 

M. M. McCool and Paul M. Harmer . 2 

There are several million acres of organic soils in Michigan. 
Usually these are spoken of as mucks; whereas in certain other 
states similar formations are termed peats. Only a relatively small 
percent of these lands is developed and inasmuch as many deposits 
are of high grade their 4 development is only a question of time. 
Inadequate drainage, occurrence of frost, and lack of knowledge 
concerning their fertilization and crop adaptations, account for their 
undevelopment. Thus, it is desirable to know whether or not it is 
feasible to grow a relatively frost resistant and heavy cash crop 
such as the sugar beet on these lands. 

The production of sugar beets in Michigan has been extensive 
for many years. In fact Michigan is one of three leading beet- 
sugar producing states, the average acreage of land devoted to this 

1 Paper read at the meeting of the Society held at Toronto, Canada, December 
28, 1921. , 

* Professor of Soils and Assistant Professor of Soils, respectively, Michigan 
Agricultural College, East Lansing, Mich, 
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crop amounting to about 113,000. Sixteen factories, whose daily 
slicing capacity ranges from 500 to 1,500 tons each, refine the sugar 
from these beets. 

. The sugar beet producing areas are confined mainly to the Sagi- 
naw Bay and central Michigan sections of the State; although 
appreciable acreages are grown in eastern, southeastern and western 
Michigan. The acreage of land devoted to this crop and the ton- 
nage obtained are given in Table 1, after V. M. Church. 


Table i . — Sugar beets 

in Michigan — Total acreage , 

total yield , 

and average 


yield per acre — IQOQ to 1920. 

Average 



Area 

yield per 

Total 


harvested 

acre 

production 

Year. 

(acres). 

(tons). 

(tons). 

i 9<>9 

78.779 

9.0 

708 , 000 

1910 

1 1 7 , 500 

10.3 

1 ,208,000 

191 1 

145.837 

9 9 

1,444,000 

839,000 

1912 

124,241 

6.8 

1913 

107,965 

9 0 

955 *ooo 

I 9 M 

101,263 

8-5 

857,000 

1915 

122, 000 

8.2 

998,000 

1916 

99.619 

5-5 

544,000 

1917 

82,151 

6-4 

462,000 

1918 

U 4*975 

7 9 

890,000 

1919 

123.375 

9.82 

1.211 .000 

1 .106.000 

1920 

129, 400 

8.6 

Average 

112,258 

8-3 

920,000 


The majority of the beets are grown on the fine textured soils 
that have been weathered under rather poor drainage conditions, 
the topography being flat to gently undulating, this being especially 
true of the Saginaw Bay and eastern and southeastern Michigan 
areas. For several years this crop has been grown successfully 
on a small acreage of shallow muck or peat soils. It is generally 
considered that this can not be accomplished on the deeper mucks 
inasmuch as beets of inferior quality and low sugar content are 
produced. ( 

Fertilizers have been used very sparingly for the production of 
sugar beets. The average rate of application is about 125 pounds 
per acre of low grade complete fertilizer. This is too parsimonious 
in case of many soils and it is probable that the rather low average 
yield obtained, as well as the increasing difficulty encountered in 
connection with diseases, can be ascribed to it. 

OUTLINE OF PROJECT 

In view of the general situation with respect to muck lands it 
was deemed advisable to inaugurate field experiments on the effect 
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of fertilizers on the tonnage, sugar content and percent of purity of 
beets grown on them. The fields upon which these investigations 
are being conducted are widely scattered and represent formations 
of different nature. All are located on extensive areas of muck and 
all are on deposits four or more feet in depth in the locality of the 
fertilizer plots. 

The field at Buchanan is located on a well decomposed muck in 
the southwestern part of the State. It has an organic matter con- 
tent of 74.85 percent and as ash content of 25.15 percent. The 
finely divided material is quite black in color, yet the soil is strongly 
acid. This muck is very impervious to' water, crops grown on it 
in 1921 suffering for lack of drainage even to the edge of the drain- 
age ditch, where the water level in the ditch was three or more feet 
below the surface. This lack of drainage is evident in the low 
crop yield reported below. The field had been cropped for several 
years and was in marked need of fertilization. 

The Homer muck field is part of an extensive area in south cen- 
tral Michigan. This muck contains 83.24 percent of organic matter 
and 16.76 percent total ash. The material is quite woody and 
porous and is very slightly acid. This field is part of a tamarack 
swamp which burned over about 20 years ago and has been used 
to some extent for pasture since that time. It was broken for the 
first time in 1920, the sugar beets reported below being the first 
crop grown. 

The field at Imlay City is on a rather woody, porous muck in 
the eastern part of the state. It has an organic matter content of 
82.27 percent and a total ash content of 17.73 percent. The soil 
is not acid. It has been cropped for several years and shows con- 
siderable response to fertilization. 

The field at Lum is only eight miles distant from that at Imlay 
City, yet the character of the deposit is markedly different. The 
muck is very well decomposed and quite firm under foot. It has 
an organic matter content of 68.13 percent and an ash content of 
31.87 percent. The soil is not acid. The field has been cropped for 
a long period of years and is in marked need of fertilization. 

Standard fertilizer treatments were given to the different portions 
of the fields. Nitrogen was added as nitrate of soda at the rate of 
100 pounds per acre, phosphoric acid as 250 pounds of 16 percent 
•acid phosphate and potash as 200 pounds of potassium chloride per 
acre respectively. Twelve tons of manure usually were applied pei 
acre. The materials were distributed by means of fertilizer drills. 
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Experimental Results 

Tonnage . The yields of roots in tons per acre from the variously 
treated plots of four deposits are given in Table 2. The Buchanan 
muck is markedly deficient in potash as shown by the remarkable 
response of several other crops, notably sunflowers, corn, mangels 
and stock carrots, to its application. The sugar beet yield was 
increased by the potash, yet the crop was practically a failure. Thus, 
fertilization may not overcome other deficiencies, such as drainage. 

Table 2. — Effect of different fertilizers on the yield of sugar beet roots. 


(Expressed 

in tons per acre.) 



Treatment. 

Buchanan. 

Lum. 

Imlay City. 

Homer. 

None 

0.7 

3 5 

5 9 

11. 7 

Nitrogen . . . : 

1 . 1 

3-7 

7 0 

13.3 

Phosphorus 

0.4 

3.2 

7-7 

13 4 

Potassium 

4-5 

12.3 

8-3 

15 9 

Nitrogen and phosphorus 

0.9 

4-5 

73 

11 .0 

Nitrogen and potassium 

3-5 

16.6 

5-6 

16.3 

Potassium anti phosphorus 

2.8 

14.1 

7-5 

174 

Nitrogen, potassium and phosphorus. 

3.8 

16.2 

8.7 

15 4 

Manure 

3 - 1 

15-5 

10.4 

17.5 


The Lum field responds amazingly well to applications of potash 
alone; but while applications of either nitrate of soda or acid phos- 
phate alone do not result in increased yields, when either of these or 
both are applied along with potash they are quite effective. 

The Imlay City muck was quite porous and too loose to yield best 
results with sugar beets ; yet the mineral fertilizers increased the yields 
somewhat and the manure almost doubled the yield obtained from 
the check plots. 

Lastly, the Homer muck appears to be an ideal one for the pro- 
duction of this crop. The unfertilized plots averaged eleven and 
nine-tenths tons per acre of roots. The fertilizer treatments, except 
where a mixture of nitrate of soda and acid phosphate was applied, 
increased the yields appreciably, as did stable manure. Potash was 
more effective than either nitrogen or phosphoric acid. 

The yield of the tops was determined in the first three fields (Table 


Table 3. — Effect of different fertilizers on yield of sugar beet tops. 
(Expressed in tons per acre.) 


Treatment. 

Buchanan. 

Lum. 

Imlay C'.ty. 

None 

1 . 1 

5-2 

6.4 

Nitrogen 

1.9 

41 

6.5 

Phosphorus 

0.7 

.r.6 

11 . 1 

Potassium 

3-5 

6. 1 

7 4 

Nitrogen and phosphorus 

1.6 

5-6 

11 3 

Nitrogen and potassium 

4.7 * 

5-5 

6.5 

Potassium and phosphorus 

32 

5-2 

96 

Nitrogen, ix>tassium and phosphorus 

2.9 

5-1 

10.7 

Manure 

. . . . 2.1 

4-7 

8.6 
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Acid phosphate decreased the yield of tops produced on the 
Buchanan and Lum muck, whereas it increased it strikingly in case 
of the Imlay City deposit. When applied to the Buchanan soil, nitrate 
of soda stimulated leaf development somewhat in all cases except 
where acid phosphate was also used, whereas its effect was less 
consistent when applied to the Lum and Imlay City muck areas. 

Sugar content . The above results show that satisfactory yields of 
sugar beets may be obtained on some muck soils especially when 
properly fertilized. It is equally important to know the sugar con- 
tent of the beets grown under different conditions of soil and 
fertilization. 

It has long been recognized that the element potassium is important 
in connection with the elaboration and transportation of carbohyd- 
rates in plants or that the presence of proper amounts of this element 
results in a more efficient leaf surface. A large leaf development of 
plants, such as the sugar beet and peppermint, for example, does not 
necessarily mean a high sugar or oil content. If the potassium is 
somewhat deficient the converse may result. 

Table 4 . — Effect of different fertilizers on the sugar content. 

(Expressed in percent sugar in the beet.) 


Treatment. 

Buchanan. 

Lum. 

Imlay City. 

Homer. 

None 

13.8 

10.8 

I 4-4' 

13.8 

Nitrogen 

14.2 

12.3 

15*1 

12.2 

Phosphorus 

10. 0 

12.9 

14.2 

12.4 

Potassium 

16.7 

14. 1 

15*5 

13 4 

Nitrogen and phosphorus 

11. 8 

11 .2 

14.4 

12.8 

Nitrogen and otassium 

16.4 

158 

14.9 

12.9 

Potassium and phosphorus 

142 

15 9 

14.2 

14.4 

Nitrogen, potassiumand phosphorus 

15-5 

16.2 

13-8 

14.0 

Manure 

13.0 

14.8 

153 

M3 


In the case of the Buchanan muck (Table 4) the addition of acid 
phosphate in a lowering of the sugar content of the beets, whereas 
nitrate of soda alone and also with acid phosphate increased it some- 
what and when added along with the potash its effect was slightly 
depressing. The application of potash to this land proved to be the 
most effective in increasing the sugar content of the beets. 

At Lum, the highest sugar content was attained in the beets grown 
on the land fertilized with a mixture of nitrate of soda, acid phos- 
phate and potassium chloride. A mixture of nitrate of soda and acid 
phosphate did not appear to be as effective as did these fertilizers 
when used singly. The addition of the muriate of potash resulted 
favorably in all cases. 
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The differences in the sugar content of the beets grown on the 
various plots of muck near Imlay City were not great nor were the 
effects of the fertilizers consistent. At Homer, the nitrate of soda 
and acid phosphate when used singly or together without the potash 
appeared to have a depressing effect. The sugar content of the 
beets grown on the control plots and those produced on the plots 
receiving potash or manure varied but slightly. 

Acre production, of sugar. The amount of sugar produced per 
acre under the different conditions is interesting in that it shows the 
combined effect of fertilization on two variables, yield and sugar 
content. We have made such calculations and summarized them in 
Table 5. 


Tai’LE 5. — Effect of different fertilizers on the yield of sugar. 
(Expressed in pounds per acre.) 


Treatment. 

Buchanan. 

Lum. 

Imlay City. 

Homer 

None 

129 

504 

1 . 133 

2,153 

Nitrogen 

208 

607 

1,409 

2,163 

Phosphorus 

53 

550 

i.45« 

2,215 

Potassium 

1 ,002 

2,312 

I. 715 

2,841 

Nitrogen and phosphorus 

142 

672 

1 ,402 

1.877 

Nitrogen and potassium 

765 

3*497 

1,113 

2,804 

Potassium and phosphorus 

530 

2,9*9 

I , 420 

3-341 

Nitrogen, potassium and phosphorus 

7*5 

3.499 

1,543 

2,875 

Manure 

537 

3.059 

2,122 

3-336 


The most impressive points brought out with respect to the 
Buchanan muck are the effects of potash and the failure of this soil 
to produce satisfactory yields of sugar beets. At Lum, the action of 
potash is almost amazing, its presence changing this soil from a 
worthless condition to a satisfactory one so far as this crop is con- 
cerned. In case of the Imlay City muck, manure resulted in the 
largest sugar production on an acre, followed by potash alone and 
a mixture of the mineral substances carrying the three elements of 
plant food, nitrogen, phosphorus and potassium. The lowest amount 
of sugar produced was obtained from the plot that received nitrate 
of soda and muriate of potash. The salient features of the Homer 
project are the efficiency of stable manure, the favorable action of 
potash both alone and in conjunction with acid phosphate and the 
depressing effect of nitrate of soda when added together with either 
acid phosphate or the muriate of potash. 

Purity. From the standpoint of the beet sugar manufacturer the 
sugar content and coefficient of purity are the factors which determine 
the value of beets for sugar-making purposes. A considerable per- 
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centage of the total weight of the beet consists of soluble solids, of 
which sugar forms the largest portion. Beets testing 12 percent 
sugar and 80 percent coefficient of purity, mean that 12 percent of 
the total weight of the beets is sugar and that 80 percent of the total 
soluble solids is sugar. The percentage of purity of the beets grown 
under various conditions is given Table 6. 


Table 6. — 

Effect of different fertilizers 
(Expressed in percent.) 

on the purity . 


Treatment. 

Buchanan. 

Lum. Imlay City. 

Homer. 

None 

90 . 6 * 

79 2 

83 -i 

86.8 

N itrogen 

89.1 

80.6 

».V 9 

84.O 

Phosphorus 

82.4 

85.2 

82.9 

82.6 

Potassium 

94 6 

83.8 

88.1 

85-2 

Nitrogen and phosphorus. 

86.1 

71.8 

83 .5 

83.5 

Nitrogen and potassium. . 

91 .5 

87.8 

81 .0 

82.9 

Potassium and phosphoru: 

s 95 2 

88.8 

83 -4 

85.0 

Nitrogen, potassiumand phosphorus 93 . 5 

85.8 

79.6 

86.2 * 

Manure 

873 

87-9 

85.8 

86.0 


The beets produced on the Buchanan muck were abnormal with 
respect to purity except in two instances. Both nitrate of soda and 
acid phosphate caused a depression in purity except where combined 
with potash. At Lum the lowest purity was recorded in the beets 
from the land treated with a mixture of nitrate of soda and acid 
phosphate, followed in turn by those from the unfertilized nitrate 
of soda and muriate of potash plots respectively, the differences in 
the purity of the others being small. The results are not consistent 
in case of the beets grown on the Imlay City muck. The highest 
purity was attained in the beets from the potash treated plot and 
those containing the most impurities were grown on the complete 
fertilizer land. The application of stable manure resulted favorably. 

In all cases the beets from the unfertilized ITomer muck contained 
less impurities than those grown on the treated land, although the 
differences were slight with the exceptions of those produced on the 
plots treated with acid phosphate alone, a mixture of nitrate of soda 
and acid phosphate and nitrate of soda and muriate of potash 
respectively. 



THE EFFECT OF SUDAN GRASS ON THE BIOLOGICAL 
PROCESSES IN THE SOIL. 1 

Paul Emerson and Roland D. Fletcher . 2 

It is a well known fact that plant foods are constantly disappear- 
ing from soils regardless of the cropping methods which are followed. 
The greatest loss in a well regulated system of soil management is 
by assimilation by the plants and consequent removal from the soil. 
Some crops may remove more plant food than others and are spoken 
of as normal or heavy soil feeders according to the amount of soil- 
derived elements required for their growth. Sudan grass may be 
classed as a heavy soil feeder. It has an ash content of over 6 per- 
cent, 8 is very rank in growth and therefore may remove large 
amounts of soluble plant food from the soil. 

Many workers have established the principle that there is a more 
or less direct relationship between the available plant food in the soil 
and its biological activities. It is usually assumed that in the com- 
petition for food between the soil organisms and the growing plant, 
the former may be limited in their activities by the needs of the 
latter. It becomes of interest therefore to determine what effect a 
heavy soil feeder like Sudan grass has upon the biological processes 
in the soil and, further, should the effect be detrimental, what 
methods of procedure will be necessary to correct the trouble. 

The Department of Farm Crops of the Iowa Agricultural Exper- 
iment Station for a number of years has been studying methods and 
rates of seeding Sudan grass for hay and for seed, using a four year 
rotation of Sudan grass, soy beans, small grains and legumes. As 
these plots were of the same general soil type, and have each com- 
pleted the rotation, they furnished an excellent basis for bacteriological 
determinations. Accordingly, a study was made of the biological 
activities of three plots, first a clover plot on which Sudan grass had 
been grown three years previously, second a Sudan grass plot and 
third, a virgin prairie soil. The study was extended to include the 
effect of additions of some common fertilizing materials both on the 
biological processes and on plant growth. 

1 Paper read at the meeting of the Society held at Toronto, Canada, December 
28, 1921. 

2 Assistant Professor of Soils and Assistant in Soils, respectively, Iowa State 
College, Ames, Iowa. 

3 Farmers Bulletin 1126 of the U. S. Department of Agriculture shows an ash 
content of 7.94 percent and a yield of two to nine tons per acre. 

235 
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Representative samples were secured in the fall from the Sudan 
grass plot, the clover plot and also from an area adjacent to these 
plots, which according to all available records was virgin prairie soil. 
These samples were taken shortly after the Sudan grass crop had 
been removed. This plot therefore was hare while the other two 
were supporting growing grasses. The samples were taken accord- 
ing to approved methods and thoroughly mixed before use for the 
bacteriological, chemical and greenhouse determinations. 

LABORATORY STUDIES 

The total nitrogen, phosphorus and carbon content of these soils 
together with the nitrate-nitrogen and lime requirement, determined 
by the usual methods, are shown in Table 1. 

Table 1 . — A mi lyses of field soils. 

(Expressed in pounds per acre, based on 2,000,000 pounds per acre of soil.) 

Total Lime 

Total phos- Total Nitrate require- 

nitrogen. phorus. carbon, nitrogen. ment. 


Clover soil 4 , 088 2 , 390 48 , 200 8.0 3 , 000 

Sudan grass soil 3 , 586 2,228 47 , 400 10.8 4 , 000 

Prairie soil 4 , 538 2 , 208 53 , 800 7.1 2 , 000 


It is very evident that the heavy feeding habit of the Sudan grass 
has depleted the soil of nitrogen and phosphorus and indirectly of 
carbon, likewise has increased the acidity over that of the adjacent 
clover soil. As neither of these plots had received an application of 
manure for three years previous to the time of sampling and no other 
fertilizers have ever been applied, the results may be taken as fairly 
conclusive. It is surprising, however, that the nitrate-nitrogen is 
higher in the Sudan grass soil than in the others. This fact may be 
explained by the biological processes which are discussed below. 

The bacterial and mold content of these three soils, (Table 2 ) 
based on the average counts of twelve plates, shows almost three 
times the number of bacteria in the clover soil as in the Sudan grass 

Table 2. — Average number of bacteria and molds in field soils. 

• Thousands of organisms per gram air dry soil. 

Lipman and Brown's 
modified synthetic 
Cook’s No. 2 medium. agar. 

Bacteria. Molds. Bacteria. Molds. 


Clover soil 3,607 406 4,822 127 

Sudan grass soil 1,395 507 *>523 127 

Prairie soil 25 240 747 120 
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soil. The mold content of the two cultivated soils are approximately 
equal. Both of the soils show a decidedly higher flora, from the 
standpoint of numbers, either bacteria or fungi, than the virgin 
prairie soil. However, it is extremely difficult, if not impossible, to 
interpret the crop producing power of a soil by numbers of 
microorganisms alone. 

It has been demonstrated by many workers that the physiological 
efficiency of the biological processes in soils as measured by their 
ammonifying, nitrifying and azofying powers, bears no relationship 
to the total number of microorganisms contained in them. It was 
not expected that these soils would prove exceptional cases, but it 
was expected that the Sudan grass in particular would have an influ- 
ence on those soil microorganisms concerned in the transformation 
of nitrogen. That such was not the case, however, was shown by an 
analytical study of the changes in the nitrogen compounds of both 
organic and inorganic nitrogen carriers added to the soils, the results 
of which are shown on Tables 3, 4, and 5. The production of 
ammonia, (Table 3) ; the formation of nitrates, (Table 4) ; and the 
utilization of atmospheric nitrogen, (Table 5), plainly show the 
ammonifying and the azofying powers in each of these three soils 
to be about equal; but the nitrifying powers of the Sudan grass soil 
is decidedly marked. The prairie soil did not possess the power to 

Table. 3 — Ammonifying power of field soils.* 

Dried blood. Cottonseed meal. 

Ave. mg. Percent Ave. mg. Percent 
nitrogen nitrogen nitrogen nitrogen 

ammoni* added ammoni- added 

Ammonia tied less ammoni- tied less ammorp- 


Soils. in .soil. check. fied. check. fied. 

Clover 4.34 78.17 1 1 . 2 173.16 48.7 

Sudan grass 1.68 93.98 13.5 132.60 33.8 

Prairie 2.38 72.29 10.3 138.83 39.1 


* Determinations made on 100 gm. soil plus 5 gms. organic nitrogen incubated 
seven days at room temperature and optimum moisture. 

Table 4. — Nitrifying power of field soils .* 

0.1 gm. ammonium sulfate. o.t gm. dried blood 


Ave. mg. Percent Ave. mg. Percent 

nitrogen nitrogen nitrogen nitrogen 

Nitrates nitrified added nitrified added 


Soils. * in soil, less check, nitrified, less check, nitrified. 

Clover 1.6 trace 0.0 1.62 5.7 

Sudan grass . . 4.5 1.62 7.6 5.10 18.2 

Prairie 1.7 trace 0.0 0.0 0.0 


* Determinations made on 100 gm. soil incubated with additions for four weeks 
at room temperature and optimum moisture. 
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Clover 

Sudan grass 
Prairie 


Table 5. — 


Soils. 


Azofying power of field soils* 

Ave. mg. 
nitrogen 

Ave. mg. Ave, mg. fixed 
nitrogen nitrogen per gm. 
found. check. dextrose. 

7.00 1.40 5.60 

7-2i 140 5 -Si 

6.44 1.40 5.04 


* 5 c. c. fresh soil infusion inoculated into 100 c. c. 1 percent Lipman and Brown 
dextrose solution, incubated 12 days at room temperature then kjeldahlized. 


nitrify either ammonium sulfate or dried blood, and the clover soil 
showed little action on ammonium sulfate*; but the nitrifying organ- 
isms in the Sudan grass soil had been stimulated evidently to such 
an extent that they were able to attack and nitrify both the organic 
and inorganic forms of nitrogen supplied. The latter action is 
possibly the explanation for the larger amounts of nitrates found in 
this soil in Table 1. 


GREENHOUSE EXPERIMENTS. 

The greenhouse tests were run to determine the effect of additions 
of various fertilizers on the ability of the soils from each of the 
three plots to produce crop growth, and also to determine the phys- 
iological efficiency of the microorganisms. The additions were made 
in amounts calculated on a two million pound acre basis to duplicate 
pots on each of the three soils, as follows : 


Pots. Additions. 

1-2 Nothing — check. 

3- 4 Lime. Clover and Sudan grass soils 3 tons, prairie soil 1 J tons. 

5- 6 Lime plus 8 tons manure. 

7- 8 Lime plus manure plus 1,000 pounds raw rock phosphate. 

9-10 Lime plus manure plus 200 pounds acid phosphate. 

1 1 -1 2 Lime plus manure plus 300 pounds 2-8-2 complete commercial fertilizer. 

The pots were seeded to Marquis wheat on November 1, and, 
because of the necessity of finishing all determinations before a 
certain time, were harvested April 7, 1921, when the plants were at 
their maximum growth but before they had set seed. 

Table 6 shows the green and dry weight of the wheat harvested 
from these plots. An examination of these data leaves no room to 
doubt the assertion that Sudan grass, in spite of its heavy feeding 
habits, does riot materially injure the crop producing capacity of the 
soil, neither does it influence that soil in its favorable response to 
applications of materials commonly used as fertilizers. The check 
pots showed a better growth on the Sudan grass soils than on the 
clover soil but both slightly less than on the virgin soil. In the first 
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Table 6. — Average weights and height of wheat harvested from potted soils. 


Pots. 

Treatments. 

Height, 

inches. 

Green 

weight, 

grams. 

Dry 

weight, 

grams. 

I- 2 

Clover Soil. 

Check 

20.5 

22.4 

6.7 

3 “ 4 

Lime 

24 - 5 

43 3 

12.4 

5 - 6 

Manure plus lime 

Raw rock phosphate plus manure plus 
lime 

23.0 

42. 1 

12.0 

7 - « 

3 i 5 

46.3 

*12.1 

9-10 

Acid phosphate plus manure plus lime. 

26.5 

44 .0 

12.5 

I I— 12 

Complete fertilizer plus manure plus 
lime 

30.0 

48.3 

12.9 

13-14 

Sudan grass soil. 

Check 

25.0 

37-6 

9 5 

15-16 

Lime 

28.5 

5<>.9 

14 2 

17-18 

Manure plus lime 

30.0 

50-3 

12.6 

1 9~ 20 

Raw rock phosphate plus manure plus 
lime 

25.0 

46.6 

12.6 

21-22 

Acid phosphate plus manure plus lime. 

27.0 

47 3 

13.3 

23-24 

Complete fertilizer plus manure plus 
lime 

31.0 

51.7 

14.2 

25-26 

Prairie soil. 

Check 

25 5 

39.1 

II .0 

27-28 

Lime 

22.0 

321 

9 5 

29-30 

Manure plus lime 

25.0 

41 .1 

9 9 

31-32 

Raw rock phosphate plus manure plus 
lime 

24-5 

41-3 

9 3 

33-34 

Acid phosphate plus manure plus lime. 

26 . 5 

45 3 

11. 4 

35-36 

Complete fertilizer plus manure plus 
lime 

23 5 

364 

9 1 


two cases the response was equally marked to applications of lime, or 
lime and manure, with or without combinations of phosphorus or 
complete commercial fertilizer. The virgin prairie soil, however, 
was apparently depressed in its crop producing powers by nearly 
all of the treatments. This may be explained by an examination of 
that portion of Table 7 which shows the nitrate content and of Table 
4 showing the nitrifying efficiency of the three soils. It is hardly 
conceivable that the nitrate- forming organisms were entirely lacking 
as indicated in Table 4 ; it seems more probable that their action was 
so slow that their products were utilized by other microorganisms as 
fast as formed. In the case of the potted soils, the growing plants 
were competitors with the soil organisms. In other words, the vital- 
ity of the nitrate-formers was so low that they were unable to oxidize 
the large amount of ammonia f ormed to nitrates in sufficient amounts 
to produce a rate of growth equivalent to the other two soils, and 
this in spite . of the fact that the prairie soils contained a larger 
amount of total nitrogen than either of the other two. Table 7 also 
shows that the nitrifying efficiency of the flora of the Sudan grass 
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Table 7. — Average nitrate-nitrogen and total nitrogen content of potted soils at 

end of growing period. 

(Expressed in pounds per acre.) 

Total nitrogen. Nitrate-nitrogen. 


Original Potted Original 

Pots. Treatments. soil. soil. soil. 

Clover soil. 

i~ 2 Check 4,088 3,894 8.0 

3- 4 Lime 3,948 

5-6 Manure plus lime 3,836 

7“ 8 Raw rock phosphate plus 

manure plus lime 3,780 

9-10 Acid phosphate plus manure * 

plus lime 3 , 808 

11-12 Complete fertilizer plus 

manure plus lime 3, 836 


Potted 

soil. 


10.6 
9.2 
10. o 

13 6 

12.2 

19.0 


Sudan grass soil. 


13-14 Check 3,586 3,416 

15-16 Lime 3,528 

1 7-1 8 Manure plus lime 3 , 584 

19-20 Raw rock phosphate plus 

manure plus lime 3,612 

21-22 Acid phosphate plus manure 

plus lime 3 , 684 

23-24 Complete fertilizer plus 

manure plus lime 3 , 668 


10.8 15.0 

12.2 

12.0 

. . . . 10.2 

. . . . 12.2 

10.8 


Prairie soil. 


25-26 Check 4,538 4,088 

27-28 Lime 4,172 

29-30 Manure plus lime 4,228 

31-32 Raw rock phosphate plus 

manure plus lime 4,228 

33-34 Acid phosphate plus manure 

plus lime 4,284 

35-36 Complete fertilizer plus 

manure plus lime 4 , 200 


13.0 

9.6 

9.8 

9.0 

9.8 


soil, as measured by the amount of nitrates produced, is greater than 
that of either the clover or prairie soils, thus indicating that this 
crop may stimulate nitrification under cropped conditions. This con- 
clusion is also supported by the results showing the high nitrifying 
efficiency of Sudan grass soil recorded in Table 4, and is further 
emphasized by the results gained from the bacteriological tests of 
the potted soils after the crop was removed. The result of these 
tests, shown in Table 8, indicate the ammonifying, nitrifying and 
azofying powers of the three soils as affected by the different treat- 
ments. As there was only a slight variation between the checks and 
the different treatments, the various powers of each soil are con- 
densed. Each result therefore represents the average of 24 
determinations. 
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Table 8. — 

Physiological efficiency of potted soils. 



Ave. mg. 

Ave. mg. 
nitrogen as 

Ave. mg. 
nitrogen 


nitrogen as 

ammonium 

per gram 


dried blood 

sulfate 

dextrose 


ammonified. 

nitrified. 

azofied. 

Clover soil 

117.2 

*3 7 

7 6 

Sudan grass soil 

1588 

11 . 3 

8-5 

Prairie soil 

154 1 

10.8 

8.9 


These results are comparable with those shown in Tables 3, 4 and 
5. It was expected that the various biological powers would be 
increased by the favorable greenhouse conditions, but the facts stand 
out clearly that, that while the heavy soil feeding Sudan grass may 
reduce the total bacterial content of the soil, it does not influence 
those that are concerned in the transformation and rendering soluble 
of the plant food and, more important still, it may even stimulate 
those concerned in the transformation of nitrogen. 

CONCLUSIONS. 

Sudan grass, in spite of its heavy feeding habits, does not 
materially reduce the crop-producing power of this soil, neither does 
it influence the soil in responding favorably to the application of 
common fertilizers. 

Sudan grass lowers the total bacterial content of the soil on which 
it grows, but apparently does not interfere with the physiological 
activities of the microorganisms which are concerned in the produc- 
tion of available plant food. 

The organisms concerned in the transformations of nitrogen in the 
soil are favorably influenced by the growing of Sudan grass. This 
effect is particularly noticeable in its effect on the following crops. 


THE PRODUCTIVENESS OF SINGLE AND DOUBLE 
FIRST GENERATION CORN HYBRIDS . 1 

D. F. Jones . 2 

Investigations dealing with the effects of inbreeding and crossing 
have resulted in a large amount of data showing the yielding capacity 
of hybrids from inbred strains of corn and it is here proposed to 
bring together these figures and to show what value they may have 
for the application of inbreeding and crossing to corn improvement. 

1 Contribution from the Connecticut Agricultural Experiment Station, New 
Haven, Conn. Received for publication, January 1, 1922. 

2 Plant Breeder. 

# 
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As outlined previously (7), 3 the main value of inbreeding a 
naturally cross-fertilized plant comes in the opportunity it affords 
of controlling the heredity thru the pollen parent as well as the seed 
parent. Obviously, the results to be expected from the application 
of selection in self-fertilized lines depends largely upon the amount 
of material worked with and the ability to find potentially high- 
yielding inbred strains. Thruout the experiments on inbreeding 
begun by Dr. E. M. East in 1905 and carried on subsequently by 
Dr. H. K. Hayes and later by the writer, relatively few plants have 
been self -pollinated and there has not been any direct attempt to 
secure exceptionally vigorous inbred strains. The aim was to find 
out first as much as possible in regard to the principles underlying 
the inbreeding problem. The plants were self-fertilized at random. 
No discrimination among the seed ears planted was made except in 
the case of the strains selected on the basis of chemical composition 
of the seed. In most cases only one progeny was grown in each 
line and the number of plants raised seldom exceeded twenty-five 
or thirty in any one family. 

Now that the importance of basing selection in self -fertilized 
lines on as large amount of material as possible is realized, a 
new series of inbred strains has been started from locally-adapted 
and proved varieties, with the object of obtaining a high-yielding type 
of corn well suited to southern New England conditions.' These 
are now in the fourth generation. As yet no crosses have been made 
between these selections and the hybrids reported here are all from 
the original inbred strains, some of which are now in their sixteenth 
year of consecutive self-fertilization. 

All of the strains used in producing the hybrids had been inbred for 
at least five years previous to crossing and were all characteristically 
uniform and much reduced in size, vigor and productiveness. Most 
of these inbred strains have been described previously. The ones 
chiefly used in making the crosses were four lines from Learning 
corn obtained originally from central Illinois. (3, 6.) Three lines 
came from Burr's White, a dent variety selected for high- and low- 
protein by the Illinois Agricultural Experiment Station and were 
further selected in the same direction in successive self -fertilized 
generations. Four other high-protein strains were selected from a 
local strain of Learning, and three from a variety of flint corn known 
locally as Burwell's Yellow. These selected strains have been 
described previously (4). In addition to these, two other strains of 
flint and two of floury corn have entered into the parentage of some 

* Reference by number is to 44 Literature Cited, p. 252. 

« 
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of the crosses. The larger part of the yields are from various com- 
binations of the inbred strains from Illinois Learning not selected for 
any particular character, together with the selected protein strains 
from Connecticut Learning and Illinois High- and Low-Protein. 

The hybrids resulting the first year after crossing two inbred 
strains are called single crosses, to distinguish them from the 
so-called double crosses which represent the combination of four 
inbred strains brought together by crossing again two first genera- 
tion hybrids. Most of the combinations were grown to furnish 
the data on the effects of crossing on the development of different 
parts of the plant and upon variability which have been previously 
reported ( 6 ). Some of them yielded very poorly and would never 
have been grown for yield alone. All the results on yield, some of 
which have been published before, are here brought together and 
compared with the results from a variety test which has been carried 
on for a number of years in cooperation with the Storrs Agricultural 
Experiment Station. Over one hundred and fifty different varieties 
of dent and flint corn from different parts of the state and adjoining 
regions have been tested and these probably include most of the 
highest-yielding kinds of corn grown in this region. 

The crosses and the varieties were grown under similar condi- 
tions. They were planted at the same time, harvested when ripe and 
a sample taken from each plot to determine the amount of actual dry 
matter produced. The plots consisted of single rows containing 
from twenty-five to fifty hills and the yields are calculated from 
the weight of the corn on the cob over to bushels of shelled grain 
with 1 2 percent moisture per acre. The plots were duplicated in 
different parts of the field and the higher yielding varieties and 
crosses were usually triplicated. V arieties and crosses of the same 
size of growth and time of ripening were ground together, in order 
to obviate some of the effect of competition between adjoining rows, 
altho in some cases the yields are probably somewhat distorted by 
the unequal growth of adjoining rows. 

So many different hybrid combinations have been grown that it 
does not seem to be worth while to report all the yields individually. 
All that is attempted here is to compare the yielding power of the 
parental inbred strains and the two classes of hybrids with that of 
the best varieties grown in the state. For several reasons, it is 
difficult to make a fair comparison. Much of the inbred material 
used in making the crosses is out of varieties which came originally 
from Illinois. It has been grown and naturally selected for our 
conditions here for so many years that it is obviously impossible 



244 JOURNAL OF THE AMERICAN SOCIETY OF AGRONOMY 

to compare the crosses with their original parental varieties either 
in Connecticut or in Illinois. On the other hand to compare them 
with local varieties brings in many unknown factors. As a general 
rule, the highest yielding local varieties are more productive here 
than any varieties recently introduced from the western and 
southern corn growing districts, altho such corn will usually grow 
satisfactorily and in most seasons will mature fairly well. 

All of the corn has been grown at Mt. Carmel which is about ten 
miles from Long Island Sound and is in the same biological zone 
as the central corn growing area. The^ Upper Austral zone (8) 
lies mainly in the states of Ohio, Indiana, Kentucky, Illinois, 
Missouri, Iowa, Kansas and Nebraska but it extends eastward at 
the low altitudes and includes Long Island and skirts the northern 
shore of Long Island Sound. 

Seed of the Learning corn, from which the inbred strains from 
Illinois were derived, was obtained from the original source and 
yielded at the rate of 75 bushels per acre in 1916 and 90 bushels 
per acre in 1918. In 1916, it was surpassed in productiveness by 20 
local varieties, the highest yield of the latter being 95 bushels per 
acre and four local varieties outyielded it in 1918, the highest yield 
being 96 bushels. Other varieties from Illinois which have been 
tested are Funk’s 90-Day and Sutton’s Yellow Dent. In production 
of grain these varieties have not yielded as well here as the best 
local varieties. 

The single and double crosses derived from the Learning and 
Burr’s White stock have matured in from 120 to 140 days from 
planting. Most of the highest yielding local varieties require the 
same amount of time to ripen properly. However, many of the 
varieties included in the variety test matured from 10 to 20 days 
earlier. The crosses between the Connecticut Learning strains and 
between the flint strains required about the same length of time. 
On the whole, many of the varieties matured earlier than the 
crosses and hence are somewhat handicapped in a comparison on 
the basis of yield, as it is a general rule that the longer a 
corn plant grows the more it yields provided it matures properly. 
For this reason, and because different numbers of crosses and 
varieties were grown, the figures for yield given in Table 1 must 
be studied with considerable caution. 

The . results are given in the form of frequency distributions, 
divided into classes of ten bushels difference in yield. For the 
reasons given above, the averages for each group mean very little. 
Attention is called particularly to the distribution of the yields. 
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From this it is believed possible to derive fairly reliable con- 
clusions. Each entry in Table 1 is the actual yield of a single plot 
calculated to bushels per acre. Each replicated plot appears separ- 
ately as the yields of different rows of the same variety or cross 
are not averaged. Check plots were grown in every fifth row, but 
the yields given in Table 1 are not corrected to the check rows as 
they are in Tables 2 and 3. The reason for this is that, in all 
the years of the test except the first, one single or one double cross 
was used to plant the control plots. The comparison of the yields 
of these check rows with the varieties growing in adjoining rows 
which is made in the frequency distributions shown in Table 1 
gives the most convincing evidence of the value of corn hybrids. 

The inbred strains after being reduced to uniformity and con- 
stancy have yielded, in the four years, from 5 to 65 bushels per 
acre and have averaged altogether from 20 to 35 bushels. This 
is from one-half to one-third of the yield of normal plants under the 
same conditions. Of the eighteen different inbred strains grown, 
nine have been selected for high protein and for this reason are 
expected to be somewhat lower in yield than strains not so selected. 
The one inbred strain selected for low protein has been a con- 
sistently good yielder. One of the Illinois Learning strains has 
given the best results on the whole, of any of the inbred strains. 
The plants are sturdy growers, stand up well in the field when 
others are blown down, and their foliage is dark green in color and 
free from the mottling and flecking during the later part of the 
season which is a conspicuous weakness of many inbred strain ,. 
The plants are appreciably less subject to smut parasitism in Con- 
necticut (5) and the ears are seldom moldy. 

But, even at its best, this strain does not compare with the 
original variety in productiveness. Many of the inbred strains, 
particularly the high-yielding ones, are notably deficient in pollen 
production. Some are very nearly sterile, particularly during 
exceptionally dry or extremely hot weather. The yields reported 
here were made possible by pollen from other plants in the same 
field. When these plants are grown in isolated fields and are 
dependent upon their own pollen or that from other inbred strains 
their production of grain is usually considerably reduced. 

The poor production of inbred plants is one of the chief handicaps 
in utilizing crosses of inbred strains. There is a good reason to 
expect that when corn is extensively selected in self-fertilized lines 
that much better inbred plants can be secured. It is important to 
keep* the pollen production sufficiently high to insure a full setting 



246 JOURNAL OF THE AMERICAN SOCIETY OF AGRONOMY 

of seed in open pollination. Our experience shows that the results 
obtained with hand pollination are not always a reliable guide as to 
what the plants will do in the open field. 

The next point to be considered is the yielding ability of first 
generation crosses between these inbred strains. Such crosses were 
first grown in 1908 and reported by East (1). More extensive 
data from some of the same strains further inbred and the crosses 
grown in 1909 and 1911 were given by East and Hayes (2). A 
few crosses were also grown in 1913 but not reported. In 1916 and 
1917 an extensive series of crosses between many of these same 
strains still further inbred were grown by the writer (6). The 
yields from these are included in the data given here. While there 
is no exact way of comparing the results of one season with, another 
there is no indication that crosses between strains inbred for 10 
generations or more are more or less productive than the same 
crosses made earlier. 

Noll (9) reports a series of first generation crosses between 
strains inbred from two to four years. The yields of the hybrids 
are compared with those obtained from the original variety. While 
some of the crosses exceeded the variety in yield, no marked 
superiority was obtained. These results agree in general with the 
data given here. During the four years tested, in only one year, 
1919, did the combinations of two inbred strains, or single crosses 
as they are called, clearly outyield the varieties grown under the 
same conditions. In 1918, only four single crosses were grown and 
these can be left out of consideration. In 1919 however, many single 
crosses surpassed the highest yielding varieties with a wide margin 
and the distribution of the yields shows the superiority of the 
crosses. In the other three years, no advantage was derived from 
the single crosses as compared to the varieties. 

In 1917, crosses of several varieties with one inbred strain 
(the best one so far found) as the pollen parent were grown and 
their yields are included in Table 1. These are of some interest 
as they compare with the grading-up practice in animal breeding 
where a pure bred sire is used with grade stock. The yields aver- 
aged about 10 per cent better than the varieties taken all together. 

When the inbred strains were reduced to their low level of vigor 
after five or more generations of self-fertilization it was noticed that 
the first generation hybrids produced from such strains were handi- 
capped at the beginning of the season. The seedlings were smaller 
in size and slower in growth at the start. Growth curves (6) show 
that such plants do not attain their maximum rate of development 
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until about the middle of the season. The hybrid seeds are borne 
upon weak inbred plants and for that reason are much smaller in 
size and have less stored food for the young plants to start 
on than the large variety seeds grown on vigorous plants. This 
is a serious obstacle in the way of utilizing first generation hybrids. 

It is possible to overcome this handicap and still retain hybrid 
vigor at its maximum by crossing again two first generation hybrids. 
The plants then start from large well-nourished seeds produced on 
strong, vigorous plants ; the seeds germinate more completely ; the 
seedlings start more quickly and grow more rapidly from the start. 
Such a double cross differs widely in genetic construction from a 
single cross. In the latter all plants are exactly alike in their heredi- 
tary composition if their parental inbred strains have been reduced 
to complete uniformity and constancy. In a double cross, however, 
the plants are all genetically unlike to a greater or lesser degree ; 
but individually they are all essentially first generation hybrids. 
Recombination allowing recessive weaknesses to appear is not 
possible and, from the standpoint of even size of plant and uniform 
production of ears, double crossed plants are equal to their single 
crossed parents and in vigor of growth and productiveness are 
clearly superior, as shown in Table 1. 

Another advantage may lie possessed by the double crosses in 
that being somewhat more variable they may be more adaptable to 
different seasonal conditions. All the plants of a single cross 
developing at the same time may be affected by unfavorable weather 
conditions at a critical time and in some seasons may be unduly 
injured, whereas in the case of the double cross, part of the plants 
may escape injury. 

Whatever may be the explanation of the increased yields the 
results of three years tests show unmistakably that the double crosses 
have a decided advantage over both single crosses and varieties. In 
1918, the first year any double crosses were grown, ninety-four plots, 
containing many different quadruple combinations of the inbred 
strains previously described, ranged in yield from 55 to 135 bushels 
per acre. Grown in the same field, one hundred and sixty-five 
variety plots yielded from 45 to 115 bushels per acre. The lower 
range in the variety yields can not be compared with the double 
crosses because some of the varieties matured earlier. Rut dis- 
regarding the lower yielding half of the distribution the remaining 
figures which represent varieties which matured as late or later 
than any of the crosses, fall far short of the results given by the 
hybrids. The mode of the latter is at 115 which is the upper limit 
of the distribution of the variety yields, 



Table i. — A comparison in yield of inbred strains of corn and their single and double first generation hybrids with normally 

pollinated varieties. 
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The same higher distribution of the yields of the double crosses 
is seen in the results for 1919 and again but not so pronouncedly 
in 1920. In the last year all yields are low. Probably the fairest 
comparison that can be made is to consider the yields of the ten 
most productive double crosses with the ten highest yielding varie- 
ties during the three years as shown in Table 2. Here it will be 

Table 2. — The ten highest yielding double crosses compared with the ten highest 
yielding varieties during three years trial. 

(Expressed as bushels per acre.) 

1918 1919 1920 


Double 


Double 


Double 


crosses. 

Varieties. 

crosses. 

Varieties. 

crosses. 

Varieties. 

117 

96 

96 

79 

84 

59 

116 

93 

94 

79 

76 

57 

109 

92 

93 

75 

76 

57 

109 

92 

9i 

75 

74 

55 

105 

89 

9i 

72 

74 

55 

101 

89 

90 

7i 

72 

54 

99 

86 

88 

7i 

7 1 

53 

99 

86 

88 

67 

70 

52 

97 

86 

88 

67 

70 

5i 

93 

85 

«5 

64 

69 

5i 

104-5 

89.4 

90.4 

72.0 

73-6 

54 4 



Increase from double crosses. 



13. 1 bu. per a. 

18.4 

bu. per a. 

19.2 bu. 

per a. 

16.9 percent 

25.6 percent 

35 • 3 percent 

Table 3. — 

The average yield of one 

double cross compared with the yields of two 


high producing varieties during three years. 





1918 

1919 

1920 




No. 

No. 

No.' 


Class. 


Yield, plots. Yield, plots. 

Yield, plots. 

Double crossed Burr- Learning 

. .. 1 16 31 

88 3 

55 7i 

Highest yielding flint variety in 1918 

96 4 

54 2 

51* 2 

Highest yielding dent variety in 1918. . 92 4 

58 2 

39 2 


Table 4. — Number of moldy ears shown by flint and dent varieties , single and 
double crosses and inbred strains as grown in 1919. 

Percent of moldy ears. Num- 

* ber of Average 

Class. 2 7 12 17 22 27 3 2 37 42 47 52 57 62 strains percent. 

Flint varieties. , 2 14 16 17 8 1 2 2 1 1 o o 1 63 16. 54± .89 

Dent varieties. 12 27 15 1 1 56 7. 71 ± .38 

Single crosses. . 23 18 7 3 o o 1 52 6.52^: .53 

Double crosses . 2 2 11 9 2 2 46 6.67=1= .55 

Inbred strains* 11 5 1 1 1 o o 1 20 7.25^1.32 


•One strain had all the ears slightly molded. 

noted that the lowest of the ten crosses is higher than the highest 
yielding variety, except in 1918 where there is a difference of only 
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three bushels. The average increases of 16.9, 25.6 and 35.3 percent 
are certainly significant. Not only are the results as a whole 
noticeably in favor of the double crosses as compared with the 
varieties but particular combinations showed up well in each of the 
three years tested. In 1918, a quadruple combination of two inbred 
strains from Illinois High- and Low-Protein out of Burr's White 
with two inbred strains from Illinois Learning was grown as a check 
thruout the variety plots. For convenience this particular combina- 
tion has been called Double Crossed Burr-Learning. These thirty- 
one check plots in all averaged 1 16.3 bushels. A slightly different 
combination, in which one inbred strain from Connecticut Learning 
was substituted in place of one of the Burr White strains, was 
grown in twenty-six plots and these averaged 109.3 bushels. The 
highest yielding dent variety gave 92.3 bushels per acre and the 
highest flint 96.4 the same year, these variety yields being an average 
of four plots each. 

In 1919, the same double crossed Burr-Learning yielded 88.1 
bushels. The highest dent variety produced 79.1 and the highest 
flint 79.0. These yields are based on an average of two plots for 
each of the varieties and three plots for the double cross. In 1920, 
the double crossed Burr- Learning was again used as control and 71 
plots in all averaged 54.8 bushels. This average yield was equalled 
or slightly exceeded by four varieties, two dents giving 54.8 and 
56.6 and two flints giving 56 9 and 59.4. The variety yields repre- 
sent an average of two plots each and have been corrected for soil 
differences by adding or subtracting the deviation in actual yield 
from the theoretical yield of the control, as calculated from the two 
adjacent check plots, to the average yield of all the check plots. The 
yields given above can therefore be compared fairly with each other 
with the reservation that the small number of plots of the varieties 
makes their results somewhat less reliable than that obtained from 
the large number of plots of the double cross. 

In 1920, one double cross representing a new combination of two 
inbred flint with two inbred dent strains yielded 84.3 bushels which 
is 42 percent higher than the highest yielding variety grown that 
year. Moreover, twenty-four different double crosses, not counting 
check plots, yielded more than the highest yielding variety. In this 
comparison all yields are an average of two plots and have been 
corrected to the controls. 

One other comparison remains to be made. From a consideration 
of the behavior of certain crosses and varieties thruout the three 
years, as shown in Table 3, it is evident that the yields of particular 
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crosses fluctuate from year to year in the same way as do individual 
varieties. The same relative position is held, however, during the 
three years. From the practical standpoint this is the most 
important comparison that can be made. 

Examined in all possible ways, the results clearly indicate a 
superior yielding ability possessed by the double crosses. It would 
be more satisfactory if the inbred strains had all been derived 
fron> local varieties and only these varieties had been compared 
with the crosses. Since this was impossible it seemed to lie the best 
plan to place all the crosses in competition with all the varieties 
grown. This is the test which all corn must meet before its actual 
value can be demonstrated. 

In addition to the larger yields there has been an appreciable 
improvement in quality in many of the hybrids due to less moldy 
corn, fewer immature and poorly developed ears. Table 4 gives the 
results obtained in 1919 which, being very wet in tbe fall, was 
favorable tor mold to develop. No significant differences are 
shown in the averages of all the plots between the crosses and the 
dent varieties, but the distributions of the data show that more of 
the crosses are in the class of lowest percent of mold. None of the 
varieties were entirely free from moldy corn whereas eight inbred 
strains, five single crosses and one double cross were. Most of 
the double crosses had certain inbred strains in their make-up which 
were notably subject to mold damage. Other crosses are noticeably 
free from injury. In 1918 the double crossed Burr-Learning com- 
bination gave only two slightly moldy ears in the crop from more 
than 3,000 plants. 

It is also expected that a real resistance to smut infection can be 
obtained together with high yield. Unfortunately many of our 
otherwise good inbred strains are badly affected by smut parasitism. 
The double crossed Burr- Learning has two inbred parents which 
are regularly severely injured by smut, one showing as high as 73 
percent of the plants attacked, during the past season. Contrasted 
with this is the fact that these same strains are notably free from 
external indications of root-rot infection. The plants stand upright 
thruout the season and their foliage stays green until the seeds 
are well ripened. The husks are quite green when the seeds are 
glazed and the ears are as a rule free from mold. 

Even tho inbred strains when crossed do yield more than othei 
kinds of corn it yet remains to be demonstrated that hybrid seed 
can be produced in sufficient quantity and at a low enough cost to 
be an important factor in corn growing. The most serious obstacle 
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in the way is the low production of the pure parental types so far 
obtained, when these are grown by themselves. Every effort should 
be made to find as high yielding inbred strains as is possible to 
secure and it may be questioned whether or not weak strains, even 
tho they give good results when crossed in particular combinations, 
should be saved for the purpose of producing hybrid seed. The 
value of such weak strains may be realized in some other way, as, 
for example, by crossing with other strains and again Selecting or 
by entering into the composition of a new variety which has been 
purified by inbreeding. But effort should be directed toward obtain- 
ing inbred strains which are themselves vigorous and productive. 
With these secured the attainment of high yielding, high quality, 
dependable types of corn, adapted to particular places and purposes 
and possessing a measure of freedom from several diseases which 
now seriously injure corn, will be in sight. 
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AGRONOMIC AFFAIRS. 

ACTIONS OF THE ADVISORY BOARD OF THE AMERICAN 
SOCIETY OF AGRONOMY TO THE NATIONAL 
RESEARCH COUNCIL. 

At a meeting of the Advisory Board of the American Society of 
Agronomy held with the Chairman of the Division of Biology and 
Agriculture, Dr. L. R. Jones, at the National Research Council, 
December 10, 1921, to adjust matters in reference to the relation of 
the Advisory Board to the Research Council and particularly with 
the idea of taking over certain agronomic projects which developed 



AGRONOMIC AFFAIRS 253 

within the Research Council during the war period, Messrs. Lipman, 
Marbut, and Piper, of the Board, present, and Prof. A. G. McCall 
in consultation, the following actions were taken : 

I. 

The Advisory Board established four committees, of three members 
each, as follows: 

a. Committee on Soils, to consist of 

Dr. C. F. Marbut, Bureau of Soils, Washington, D. C. 

Dr. F. J. Alway, College of Agriculture, St. Paul, Minn. 

Prof. S. D. Conner, Purdue University, La Fayette, Ind. 

b. Committee on Fertilizers, to consist of 

Dr. J. G. Lipman, College of Agriculture, New Brunswick, 
N. J. 

Dr. F. E. Bear, College of Agriculture, Columbus, Ohio. 

Dr. B. L. Hartwell, Agricultural Experiment Station, 
Kingston, R. I. 

c. Committee on Crops, to consist of 

Prof. C. V. Piper, Bureau of Plant Industry, Washington, 
D. C. 

Prof. C. A. Mooers, College of Agriculture, Knoxville, Tenn. 

Dr. C. A. Zavitz, College of Agriculture, Guelph. Ontario. 

d. Committee on Plant Nutrition, to consist of 

Dr. A. G. McCall, College of Agriculture, College Park, Md. 

Dr. H. L. Shantz, Bureau of Plant Industry, Washington, 
D. C. 

Dr. Robert Stewart, College of Agriculture, Reno, Nevada. 

It is the idea of the Advisory Board that each of these committees 
shall consider and recommend on all projects coming within its 
province. 

II. 

Each line of investigation recommended by the Board and adopted 
by the Research Council shall be called a project t to each of which 
shall be designated a project-leader. Including the war projects of 
the Division of Biology and Agriculture, and which have now been 
put under the direction of the Advisory Board, the projects now 
before the Research Council are as follows: 

a. Assistance in financing the publication of the Journal of the 
American Society of Agronomy; under direct supervison of the 
Board. 

b. Better coordination and cooperation in agronomic research; 
under the supervision of the Board. 
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c. Soil Research Institute; project leader, Dr. J. G. Lipman. 

d. Monograph on lime; project leader, Dr. W. II. Mclntire. 

e. Monograph on history of soil development; project leader, 
Dr. C. F. Marbut. 

f. Physiological soil requirements of plants; project leader, Dr. 
A. G. McCall. 

g. Pasture investigations; under charge of the Committee on 
Crops. 


III. 


In connection with the above scheme ^of organization, the following 
resolutions were passed: 

a. That the Advisory Board of the American Society of Agronomy 
accepts the sponsorship of the agronomy projects of the Research 
Council instituted during the war, and also the personnel of the 
existing committees, with the exception that the Committee on 
Fertilizers is reduced to three members. 

b. In accordance with the new scheme of organization, the proj- 
ect leader for each project is to be approved by the Advisory Board 
on nominations presented by the committee directly concerned with 
the project. Associates on each project are nominated by the project 
leader, subject to approval by the responsible committee and the 
Advisory Board. 


TEXAS BRANCH OF TIHE AMERICAN SOCIETY OF 
AGRONOMY 

Members of the Society who live within easy access of each 
other, and are therefore able to unite in a similar enterprise, may be 
interested in the following statement with reference to the recently- 
organized Texas Branch of the Society, which has been received 
from J. H. McDonald, the Secretary-Treasurer of the Branch: 


“As you requested in your recent letter, I am sending you a list of the 
members of the Texas Branch of the American Society of Agronomy. 
They are as follows : 

Local Members 


T. Hensarling, President E. W. Handley 

W. P. Patton, Vice-President C. C. Tobson 

T. H. McDonald, Secretary-Treasurer B. J. Masuda 

U. E. Christopher . J. C. Miller 

J. C. Graham • C. Real 

H. Govea 

Honorary Members 


J. O: Morgan 

C. A. Wood 

E. P. Humbert 
7 H. Stallings 

D. G. Sturkie 
W. H. Corpening 


A. B. Conner 
E. B. Reynolds 

B. Youngblood 
A. H. Leidigh 
E. W. Geyer 
A. K. Short 
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“ Out society meets twice per month. It is the general plan to have on 
each program one outside speaker, and two or three student speeches. The 
outside speakers include the College professors, the Experiment Station 
and Extension Service men. Programs of special excellence have been held 
lately. Doctor E. F. Humbert, professor and plant breeder of wide experi- 
ence, recently addressed the club on Commercial Plant Breeding. Doctor 
Tanquary of the Experiment Station spoke on Beekeeping in Texas. 

“As can be seen from what I have said, we have rather diversified pro- 
grams, thereby insuring greater interest. 

“ The Club recently voted favorably on the establishment of a National 
Grain Judging contest. Plans for an inspection trip are now being discussed. 
The purpose of such a trip would be to visit big commercial seed farms, 
some agricultural sub-stations, and successful farms. We believe that such 
a trip would be of great help to prospective farm managers, etc.” 


WESTERN AGRONOMIC CONFERENCE 

The sixth annual conference of agronomists in the eleven western 
states was held at Pullman, Wash., and Moscow, Idaho, July 20 to 
22, 1922. The programs on Thursday afternoon and Friday morn- 
ing were presented at Washington State College and those on Friday 
afternoon and Saturday at the University of Idaho. Inspection of 
the agronomic experiments on the Washington and Idaho stations 
and an 80-mile automobile trip from Moscow to Lewiston, Idaho, 
and return, were a part of the program. The Lewiston trip covered 
30 miles of wide- spreading wheat fields in the rich Palouse district 
and the wonderfully scenic lomile descent into the canyon of the 
Clearwater and Snake rivers, with its panorama of orchards and 
farm lands. 

The attendance included representatives from six states and of 
the U. S. Department of Agriculture, the usual number present at 
the meetings being about 40. The program consisted of the papers 
named below. Most of the papers were followed by spirited 
discussion. 

“ Water Requirements as Influenced by Tillage Methods ” by 
D. E. Stephens, Sherman Co. Branch Station, Moro, Ore. Discus- 
sion led by F. J. Sievers, of the Washington station. 

“A New Method of Mechanical Analysis and its Application to 
the Study of Soil Structure ” by M. D. Thomas, of the Utah station. 

“ Results of Different Crop Residues on Organic Matter Mainte- 
nance in the Soil ” by Henry Holtz, of the Washington station. 

“ Control of Morning Glory in Cultivated Lands ” by George 
Stewart of the Utah station (read by M. D. Thomas). 

“ Control of Smut by Copper Carbonate/' Discussion by B. F. 
Dana of the Washington station and C. W. Hungerford of the Idaho 
station. 
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4 4 The Place of Hybridization in Crop Improvement ” by E. F. 
Gaines, of the Washington station. Discussion led by J. A. Clark 
of the U. S. Department of Agriculture. 

“Sunflower Studies in Montana ” by H. R. Sumner, of the 
Montana station (read by Clyde McKee), discussion led by R. K. 
Bonnett, of the Idaho station. 

“ Dry-Land Forage Crops ” by H. W. Hulbert, of the Idaho 
station. Discussion led by R. O. Westley, of the Washington 
station. 

u Pasture under Irrigation ” by Clyde McKee, of the Montana 
station. 

“ Standardization and Certification ” by C. B. Ahlson, Idaho State 
Seed Commissioner. Discussion led by C. W. Warburton, U. S. 
Dept, of Agriculture. 

“ Response in Crop Plants to Environmental Conditions ” by 
H. M. Wanser, of the Adams County Branch Station, Lind, Wash. 

“ How Does the ‘ Suggested Outline for Lectures in a Standard 
Introductory Course in Field Crops 1 Meet the Needs of the Western 
States ? ” by E. G. Schafer, of the Washington station. 

The program also included informal talks by President Upham of 
the University of Idaho, Dean Johnson of the Washington college 
of agriculture, and Dean Iddings of the Idaho college. The com- 
mittee to arrange for the next annual meeting, which is to be held 
at Bozeman, Mont., consists of Clyde McKee of the Montana sta- 
tion, E. G. Schafer of the Washington station, and C. W. War- 
burton of the U. S. Dept, of Agriculture. 

NOTES AND NEWS 

Dr. Eugene Davenport retired on September ist, after thirty-seven 
years of service as Dean of the College of Agriculture and Director 
of the Agricultural Experiment Station at the University of Illinois ; 
and Professor Herbert W. Mumford, who has been for more than 
twenty years the Chief of the Department of Animal Husbandry at 
Illinois, has been appointed as his successor. 

Dr. Edward C. Elliot, formerly Chancellor of the University of 
Montana, has been appointed President of Purdue University, at 
Lafayette, Indiana. 

Henry Dunleavy has transferred from Allen farm, Texas, to 
Robstown, Texas, where he will be in charge of cotton breeding for 
a commercial grower of Mebane cotton seed. 
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PLOT COMPETITION WITH POTATOES . 1 

B. A. Brown. 2 

That there is much competition between adjacent plots in experi- 
mental work with many crops is an undisputed fact and considerable 
information has been published on this subject. 

At the Storrs Station, competition between variety plots of soy- 
beans and oats has been noted and a brief summary of the data is 
given here. In 1917, 25 single row check plots of soybeans averaged 
26.9 bushels of seed per acre. The variety used as a check was a 
small, early-maturing one. When the check variety occurred between 
the varieties O’Kute and Swan or Mammoth Yellow and Mongol, 
all of which are much larger and later than the check, the latter 
averaged only 17. 1 bushels of seed per acre or 63.6 percent as much 
as the average for all check plots. In the same series of plots were 
planted a few varieties of field beans, which were much less vigor- 
ous in growth than the soybeans and which matured 17 days before 
the check variety. The average for the four check plots of soy- 
beans which were between two plots of filed beans was 38.4 bilshels 
of seed per acre, or 142.7 percent of the average for all checks. 

In 1919, a series of oat varieties were drilled solidly in 4 row 
(28 inch) plots, and the two outside rows of each plot were dis- 
carded at harvest. To obtain some measure as to the comparative 
yields of outside rows and the average of the two central rows, 10 
outside rows from different plots were threshed and the grain and 
straw weighed. Although varying in the amount of increase, the 
outside rows averaged 73.2 bushels of grain and 3,802 pounds of 
straw as compared to 52.3 bushels of grain and 2,464 pounds of 
straw per acre for the average of the two central rows for the same 
10 plots, or a 40 percent increase of grain and a 54.3 percent increase 
of straw. 

1 Published with the permission of the Director, Storrs Agricultural Experi- 
ment Station, Storrs, Conn. Received for publication, January 17, 1922. 

* Assistant Agronomist. 
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Confronted with data from many stations with other crops and 
the results given above, the question arose whether there is com- 
petition between potatoes in the single row plots, 103.7 feet in length, 
which are used at Storrs for variety and strain testing. In these 
experiments, all potations have been planted with an Iron Age 2-man 
planter, set to drop seed pieces 12 inches apart, with rows 3 feet 
apart. A good stand of plants has been the rule. The fertilizer 
(4-8-4) has been applied through the planter at 1,500-2,000 pounds 
per acre, but always the same amount for the entire series of plots 
in any one year. “ Medium ridge ” cultivation and good spraying 
have been given. 

Beginning in 1916 and through 1921, the same strain of Green 
Mountains has been used for the checks, which occurred every fifth 
plot, except in 1921, when they were every tenth plot. From the 
results of the six years, all the check plots, which had adjacent 
plots on either side with available yields were taken for this study. 
There were 137 such plots. 

Although the natural producing ability of the soil varied con- 
siderably, it seems reasonable to suppose that plots on either side 
of the check would have practically the same conditions. Therefore, 
to find if the checks benefited by being between low yielding adjacent 
plots, the yield of each check was compared to the average yield of 
its two adjacents. If the checks did benefit by being between low 
yielding adjacents, than a negative correlation should result. How- 
ever, a positive correlation of 0.271 ±0.053 was found, which, while 
not enough greater than the error to warrant the conclusion that the 
yields of the checks increased with an increase of the yields of the 
adjacents, surely does not give any evidence of the reverse being true. 

The conclusion is, therefore, that with conditions as stated above, 
yields of potatoes are not influenced by competition between single 
row plots. 

AN INDEX FOR MEASURING THE PERFORMANCE OF 
WHEAT VARIETIES AND STRAINS . 1 

W. B. Kemp. 2 ' 

Agricultural experiment stations are frequently confronted with 
the problem of measuring the progress that has been made in variety 
testing, selection, or breeding of wheat and other small grains. 
This is comparatively easy, as long as a large group of older varieties 

1 Contribution from the Maryland Agricultural Experiment Station, College 
Park, Md. Received for publication March 3, 1922. 

* Associate Agronomist. 
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is retained without change for use as seed, because a new variety 
may always be compared with the average of the group. However, 
during many years of testing some of the older varieties are replaced 
by newer and apparently better ones; therefore, it is frequently 
difficult to make up such a group. 

Experiment stations generally use check plots with which to 
compare the different varieties that are on test in any one year, but 
unfortunately they are not a reliable measure of changes that take 
place from one year to the next. This is. true even when the same 
variety is used as check throughout a series of years. To illustrate 
this fact, the behavior of Currell’s prolific and Fultz wheats are 
compared. The former was the check variety at the Maryland 
Station in 1889 and 1890; the latter has been used from 1891 to 
the present time. Table I shows a comparison of the yields of these 
two varieties together with the ratio of their yields. 


Table i. — Comparative yields of two varieties of wheats used as checks. 

1891-96 1897-1907 1908-’! 7 I9i8-’2i 


Fultz 

36 . 6 

30.9 

23 . 

13 

T 7 

33 

Currell’s 

35 • 5 

34-4 

28. 

14 

20. 

39 

Ratio of Currell’s to Fultz 

0.970 

1 « 13 

] . 

13 # 

I 

190 


The significant fact brought out by these figures is that although 
Fultz outyielded Currell’s in the earl} years of testing, later Currell’s 
outyielded Fultz and continued to increase in superiority. For 
some years, the Currell’s variety was subjected to much mass selec- 
tion and this, with the later gradual reestablishment of equilibrium, 
may account for the improvement in this variety. Or, Fultz may do 
relatively better when yields are high, as they were when wheat fol- 
lowed cowpeas, for the higher production of all varieties in earlier 
years may be accounted for by differences in the rotation. Then 
wheat generally followed cowpeas ; later it frequently followed 
wheat, while now it always follows corn — a custom that was 
adopted because the greater proportion of Maryland wheat is planted 
on corn stubble. 

Another peculiarity that makes it difficult to use a single variety 
as a basis for comparisons is illustrated by the behavior of Fultz, 
mammoth red, and China for the fourteen years since the last two 
were put on test. A study of the comparative yields of these 
varieties for the different years during this period shows that in 
years when the average wheat yields bn the station plots ranged 
from 16 to 22 bushels per acre, Mammoth Red yielded 25.67 bushels, 
or 131.7 percent of average; China, 22.45, or 1 14.7 percent; and 
Fultz, 16.37, or 83.4 percent. But in years when average yields 



260 JOURNAL OF THE AMERICAN SOCIETY OF AGRONOMY 

ranged from 22 to 34 bushels, Mammoth Red averaged 29.20, or 
104.2 percent; China, 30.93, or 11 1.4 percent; and Fultz, 27.46, or 
99.4 percent. Or expressed in another way; in unfavorable wheat 
years when average varieties yielded 8.17 bushels less than the 
average for the entire period, Mammoth Red fell below the average 
by 3.53 bushels; China by 8.48; and Fultz by 11.09. In unfavorable 
years, Mammoth Red was much less affected and Fultz much more 
so than are average varieties; while China showed just about the 
average diminution in yield. It i$ evident that China would more 
nearly fulfill the requirements for a check variety than would either 
of the others; but as a measuring stick, even it leaves much to be 
desired. 

In an effort to establish an index that will measure the progress 
from year to year, it immediately becomes apparent that considera- 
tion of the average behavior of as many varieties as possible is 
necessary before the environmental effect between any two succes- 
sive years can be measured. Thus, if 35 varieties are put on test, 
of which 30 are carried for two or more years and 5 are replaced 
by new ones the second year, and if the 30 original varieties make 
an average yield of 20 bushels per acre in one year and 25 bushels 
in the following year, this difference of 5 bushels or of 25 per- 
cent must be corrected before any change can be recorded for the 
test as a whole. If in the first year, the average yield of all 35 
varieties on test was 19 bushels and in the second year 26, the change 
in yield brought about by the substitution of the 5 varieties may 
be found by using the following proportion — 20 (the yield during 
the first year of the 30 varieties on test both years) : 19 (the yield 
of all 35 varieties) : :2 5 (the yield of the same 30 varieties in 
the second year) : (the yield that all 35 varieties would have pro- 
duced in the second year if they had been continued). By calcula- 
tion this would be found to be 23.75. But the actual yield in the 
second year was 26.0 bushels. The substitution of the 5 new vari- 
eties, therefore, caused an increase in average yield of 2.25 bushels — 
a figure that should be correct except for variation in seasonal 
response of different varieties, and these variations should tend to 
counteract each other. The 23.75 bushels is the base from which 
the index of any variety for that year is calculated and is given a 
value of 106. The 26 bushel yield would thus have a value of 109.5. 
This is calculated as follows : 23.75 :26: : 100 1109.5. Taking similar 
data from table 2 for the years 1913 and 1914, the following results 
are obtained, 22.32 134.27 : : 19.57 :X or 34*04. 3°*°4 *33*5 6 : : 

100 : 1 12. 
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The size of the base for any particular series of tests depends 
upon the group of varieties that by chance or design were included 
in the first year’s trial. Therefore, the index for one series does 
not necessarily bear any relation to that for another, unless the 
other series had the same varieties on test in its first year. But 
the ratio between different series of indices is always comparable. 
If any one variety has remained on test for a number of years its 
average index for different periods should, on the whole, remain 
constant, except where cyclic seasonal conditions have produced 
cyclic responses. 

To determine the validity of an index established as above, 
separate averages were obtained for the first and second halves ot 
its test period for each variety that remained on trial for eight or 
more years. These averages brought out the fact that the index 
for most varieties had a tendency to slowly rise. A small cumulative 
error could cause such a result, and two of these were finally located. 
A study of the indices of eighty-seven varieties that had not been 
dropped until they had been on test for three or more years showed 
that they came in at 145.9, but in their second year made only 143.9. 
The tendency to drop, after one year, those varieties with very low 
yields had eliminated the lowermost varieties of a normal frequency 
distribution, and had advanced the mean by two points. The 
eighty-seven varieties were dropped from test on an average index 
of 145.2 ; although in the year before their last they had scored 
150.9. This fact revealed a tendency to drop a variety after a very 
poor year for that variety, instead of dropping it after a normal 
year. An error of 5.7 resulted from this tendency. Both of these 
errors were eliminated by removing from consideration any variety 
that was carried for less than three years, and figures for the first 
and last years were dropped from all varieties that were used to 
establish the final index. 

The present figure shows no tendency for average varieties to 
either advance or decline, but there are a few varities whose index 
is apparently advancing, while that for others is becoming smaller. 
A plausible theory to account for these variations assumes that by 
crossing or mutation a biotype has appeared within the variety and is 
gradually gaining the ascendency. Or, perhaps, one already present 
in a variety new to the section is favorably affected by its change 
of residence. If this biotype is an inferior one, with small seed or 
with an overtopping growth, a descending index will result. In most 
cases, however, only a superior one can gain the ascendency, and 
with its gain will come an ascending index. 
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Since the index removes from consideration any change that 
takes place within average varieties while they are on test, all ad- 
vances and declines are merely relative. To get an actual measure 
of this, it is apparently necessary to take seed of two or more 
varieties, one with an ascending, another with a descending index. 
A part of this seed should be planted in the regular variety test, 
the remainder should be saved through as many years as it will 
retain vitality. It should then be planted, and the seed again divided 
into two parts — one part to be saved as before, while the other 
is planted beside seed of the same variety that has remained on test 
each year. This process ought to be continued until it is possible 
to determine from the ever-widening gap that may appear between 
the two indices for each variety, whether the advances and declines 
are actual or merely relative. For, if seed from deferred generations 
should have an index becoming gradually higher than the normal 
one, it is an indication that varieties have a tendency to slowly decline 
in yield, or to “ run out.” Such a tendency, if it applies to most 
varieties, can not be seen from the index and can be determined 
only by such a test. 

Some of the many uses of an index such as the one here described 
may now be pointed out. By its use, the yielding power of standard 
varieties today may be compared with the power of the same varieties, 
and of others, years ago. The comparative responses of different 
varieties to soil and to season may be learned and analyzed, and the 
information so obtained may act as a valuable guide in selecting 
parents for crosses. 

As an indication of the first use, the data presented in table 2, 
column 9, show that the average yielding ability of all varieties on 
test has advanced from 83 in 1890^0 120 in 1921. But many of 
the early varieties were dropped after one year's trial, or before 
they could demonstrate their true worth, so that 100 (the yield 
of all that were carried for three or more years) may be considered 
as the original base. The five best varieties that have been carried 
for ten or more years and are still on test have an average index 
of 126. Their seed has been widely distributed over the state, 
and the best figures obtainable indicate that about 70 percent of 
the wheat acreage in Maryland is now planted to these varieties. 

Work by Metzger and Sando at this Station indicates that high 
rain-fall in March and in May generally causes low wheat yields. 
A correlation of + .839 ± .053 exists between the combined rainfall 
of March and May and the yearly indices of the Mammoth Red 
variety. This indicates that high rainfall in these months affects 
Mammoth Red much less than average varieties. A correlation of 
— .632 .108 for Fultz shows that this variety is very seriously 
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affected v In Table 2, column 10, it will be observed that, as a 
whole, the indices for Fultz have remained fairly constant for the 
past twenty-nine years. Yet in some cases they have been markedly 
affected by such unfavorable years. During this period the actual 
yields have varied so much that a study of them can not bring out 
these facts as the indices can. 

The third use for this index is strikingly illustrated in Table 3. 
The average yields of wheat in 1921, 1918, 1909, 1919, 1913, and 
1912, were such that they may be considered as poor wheat years, 
while other years since 1907 may be considered as good. (1917 is 
omitted because some of the leading varieties were not on test in 
that year. ) 

Table 3, — Comparison of indices for six varieties of wheat during poor years 

and good years. 

Bearded Dietz 

purple long- Turkish Mammoth Currell’s 

straw. berry. amber. Red. China. prolific. 

Average index for 

poor years 136.3 124.5 132.5 145-9 126.9 114.3 

For good years. .. . 119.1 121.0 118.7 117.1 123.1 124.4 

In the poor years, Mammoth Red yielded better than any other 
variety on test; while in good years Currell’s prolific has done best. 
Unless factors that can not be combined in one individual, such as 
difference in time of ripening, are responsible for this condition, it 
is reasonable to expect that among the progeny of a cross between 
Mammoth Red and Currell’s prolific a type may be selected that 
approaches 145.9 in poor years and 124.4 in good ones. 

But an even more striking contrast is found among the pure- 
line selections from these varieties. For four years, 2,008-4-12, 
selected from Mammoth Red, has been planted beside its parent. 
In 1915 and 1916, when the parent showed an average index of 
in, the selected strain showed an index of 115, an advance of 4 
points. In 1920 and 1921, when the average index of the parent was 
149, the index of this selection was 165.5, an advance of 16.5 points. 
Thus the apparent tendency of this selection is to exaggerate the 
peculiarity of its parent. Further, 89-16-14, from Currell’s prolific, 
has been planted for the past two years beside the variety from 
which it was selected. In 1921, when CurrelTs scored 90.8, the 
selected strain as an average of duplicate comparisons, scored 
86.5, a loss of 3.5 points. In 1920, when the index of the parent 
was 127, this selection scored 13 1.7, or a gain of 4.7 points. Here 
again is a selection with a tendency to exaggerate the peculiarity of 
its parent. If these two continue to behave as they have done, 
may not a cross between them have even greater possibilities than 
a cross between unselected Mammoth Red and Currell’s prolific? 



BORDER EFFECT AND WAYS OF AVOIDING IT . 1 

A. C. Arny. 2 

In 1917 and 1918, when the extent of border effect for spring- 
sown oats, wheat and barley was determined (1, 2) it was noted 
that winter wheat, growing under similar conditions, appeared to 
have more marked border effect than the spring grains. 

In 1921, the border effect in winter grains was as marked as usual 
and its extent was determined for a limited number of varieties. 
These data, considered in connection with that secured in previous 
years, extend the information over another year and to an additional 
crop. 

Since border effect has been shown to be a factor in the reliability 
of plot tests, possible methods of preventing its occurrence and 
hence obviating the necessity and consequent expense of the removal 
of marginal areas have been of interest. 

Growing varieties in contiguous plots without the intervention of 
alleys is open to several objections. Inability to distinguish exactly 
where one plot leaves off and the other begins when contiguous 
varieties are similar, and the practical impossibility of maintaining, 
varieties pure, are mechanical difficulties. However, the more serious 
objection is the possible effect of one variety on another (3, 4, 5, 6) 3 
when grown in this way, particularly since any one variety is flanked 
on either side by different varieties. Sowing the variety plots with- 
out the intervention of alleys, therefore, does not obviate the necessity 
of the removal of border rows. 

The use of spring sown winter wheat on either side of each plot 
of spring-sown grain has been mentioned in this connection (7). 
Employing this method provides a uniform border which is in effect 
a cropped alley for all varieties in a test and in that respect is 
similar to the use of uncropped alleys. However, there is the possi- 
bility of the variety of winter wheat used in the cropped alleys react- 
ing differently on the different varieties in a test. This effect might 
possibly be obviated to some extent by using seed of a number of 
winter wheat varieties composited instead of that of orie variety only. 

While the results of previous work appeared to make the efficiency 

1 Published with the approval of the Director, as Paper 316 of the Journal 
Series of the Minnesota Agricultural Experiment Station. 

* Head of Section of Farm Crops, Division of Agronomy and Farm Manage- 
ment, Department of Agriculture, University of Minnesota. 

•Reference by number is to “ Literature Cited," p. 278. 
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of this method somewhat doubtful (6, 7), it seemed desirable to try 
it out carefully. This was done during the past season and the 
results fdrm the main basis for this article. . 

TECHNIC OF THE EXPERIMENT. 

All determinations of yields were made from plots located pn 
University farm. The soil is a Hempstead silt loam not representa- 
tive of any large section of the state. However, previous work 
(1, 2, 3) indicates that border effect on various types of soil approxi- 
mating each other in productivity varies according to climatic condi- 
ditions and effects of previous cropping. 

The winter wheat varieties were sown September first, 1920, in 
plots made up of 16 six-inch drill rows each, a total width of eight 
feet. There were four plots of each variety. The length after the 
ends had been trimmed off square was 130 feet. Each two plots 
were separated by an uncropped space or alley 18 inches in width. 
There were four plots each of the spring wheat varieties and three 
each of the oat and barley varieties. Each plot of the spring grains 
was made up of 12 six-inch drill rows of oats, wheat or barley 
bordered on either side by 2 six-inch drill rows of winter wheat, and 
was 130 feet long. The winter wheat on cither side of each plot was 
sown at the same time as the spring grains so that it would not be 
handicapped in its competition with them because of later seeding. 
For convenience in seeding, tight fitting removable partitions of tin 
were placed in the drill box to separate off the outer two drill cups 
on either end. The two outer compartments thus separated off were 
kept filled with Minturki winter wheat at all times when the spring 
grain varieties were being sown. This winter wheat at first made 
about the same progress as the spring grains but the plants were 
more procumbent and did not joint. The winter wheat in the 
cropped alleys consequently was not in the way at harvest time. 

There was approximately an 18-inch space between the outside 
drill rows of adjacent plots of winter wheat. Three inches of this 
space on either side belonged to the plot adjacent to it. This left a 
12-inch uncropped space between adjacent plots. 

In the spring grains, there was a space approximately twenty-four 
inches wide between the outer drill rows of adjacent plots occupied 
by four 6-inch rows of winter wheat. 

Weeds grew both in the unoccupied alleys between each two plots 
of winter wheat and in the areas between each two plots of spring 
grain occupied by the four drill rows of winter wheat. The largest 
of these were removed by hand. 
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From the plots of the winter wheat varieties, three drill rows on 
either side were separately removed by hand at harvest, bound and 
tagged. In the spring grains, the winter wheat rows between plots 
were disregarded and three rows of the spring grain removed from 
either side of each plot in the same manner as from the winter wheat. 
These rows are referred to as outside, middle and inside border 
rows respectively. 

The remaining ten drill rows in the winter wheat varieties and the 
six rows in the spring grain varieties were harvested with the binder. 
The oat and barley varieties were lodged and hence there was more 
or less loss in harvesting the central rows with the binder. Since 
the border rows were cut by hand, practically no loss occurred in 
the harvesting operation. This difference in method of harvesting 
the portions of the plots accounts to some extent for the difference 
in yields between the inside border rows and the average for the 
central rows for the oats and barley crops. In the wheat variety 
plots both winter and spring there was practically no loss in harvest- 
ing the central rows with the binder. 

The entire product from each portion of each plot harvested 
separately was weighed and threshed with a small machine. 

The straw weights for the most part paralleled the grain weights 
and therefore are not given in the tables which are presented in this 
paper. 

The grain yields were computed for each area harvested separately. 
Each border row occupied an area 6 inches by 130 feet or 1/670.15 
acre. The central areas in the winter wheat varieties were 10 drill 
rows or 5 feet wide and 130 feet in length of 1/67.015 of an acre 
in size. In the spring grain varieties, the central areas were 6 drill 
rows wide or 3 feet by 130 feet long or 1/101.68 of an acre in size. 

After the yields for each portion of each plot had been computed 
separately, the necessary computations were made to secure the yields 
with none, one, two and three border rows removed, respectively. 
This was done by adding together the weights in pounds from ail 
portions of each individual plot to show the weight with no border 
rows removed. The weight in pounds of the two middle and the 
two inside border rows added to that from the central rows gave 
the product with one border row removed from either side. The 
yields with two border rows removed were secured in a similar 
manner. 

The standard deviations and probable errors were computed in 
the usual manner. All computations have been checked. 
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THE EFFECT OF UNCROPPED AND CROPPED ALLEYS ON THE 
YIELDS OF DIFFERENT PORTIONS OF PLOTS. 

The plants in the border rows of the winter wheat varieties 
separated by uncropped alleys appeared darker green and slightly 
taller than those within the plots during late October of 1920; and 
in the spring when growth had well started, the same effect was 
noticeable, becoming more marked at jointing and heading time. 
At no time during the growing period was border effect plainly 
visible on the plots of spring grains flanked by alleys cropped to 
winter wheat. The border rows were not appreciably taller than the 
others and appeared to be no later in maturity. Counts of the num- 
bers of culms per unit of row for the various portions of the same 
plots would probably have given an indication of what might be 
expected; but these were not made. Observations were made on 
neaTby spring-sown plots of oats, wheat and barley separated by 
uncropped alleys and from jointing time on these were found to have 
the border effect more or less plainly visible. Much the same effect 
was noted on plots at the various substations and various outlying 
experimental fields in the state. 

The yields for the different portions of both the winter wheat 
varieties separated by uncropped alleys and the spring grain varieties 
separated by alleys cropped to winter wheat together with percentage 
increases based on the yields of the central rows are given in Table 1. 

The data for 1918 and 1917 are included in the table to facilitate 
comparison of results for the three seasons. 

An examination of the yields of the various portions of the winter 
wheat plots shows that the outside border rows yielded at the rate 
of 33.67 bushels, the, central rows at the rate of 18.86 bushels and 
the inside rows at the rate of 14,92 bushels, as compared with the 
yield of 15.95 bushels for the central rows. 

In percent, the outside border rows yielded 211.1, the middle border 
rows 1 18.2, and the inside border rows 93.5 of the yield of the central 
rows. Comparison of these percentages with those for the same 
portions of the spring wheat plots in 1918 and 1917 shows a striking 
similarity, when the fact is taken into consideration that' the determi- 
nations were made in different seasons and that -one is a winter 
grain and the other a spring grain. 

Bearing in mind the fact that the alleys 'between plots in the 
spring-sown oats, wheat and barley were occupied by spring-sown 
winter wheat, it is of considerable interest to note that for each 
of the three crops the outside and middle border rows show con- 
siderably higher yields than the inside border rows or the central 
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rows. The data for the yields from the outside border rows of the 
plots, expressed in percent based on the yields of the central rows, 
are 199.9 for the oats, 153.6 for the wheat and 213.5 f° r barley 
as compared with 100 for the inside rows. These comparative yields 
indicate that the rows of winter wheat in the alleys did not prevent 
border effect. 

The increases in yields due to border effect, expressed in percent 
based on the yields of the central rows, are for the outside rows 
199.9 for the oats, 153.6 for the wheat and 213.5 for the barley 
and the middle rows in same same order 170.4, 127.4 and 186.5 
respectively. The border effect on the wheat appears to be relatively 
lower than for the other crops ; but this difference is not a real one. 
The border effect on the oats and barley, as indicated by the yields 
is somewhat higher than it should be due to the unavoidable loss of 
grain in harvesting the lodged central rows of these crops with 
the binder. The results, although somewhat lower for wheat, are 
similar to the results for the same crops in 1918 and 1917. 

Based on yields of the central rows, the three-year average of 
the outside border rows, expressed in percent, for all crops is 199.8 
and for the middle border rows (inside rows of 1917) it is 138.02. 
The outside border rows, therefore, averaged for the three-year 
period double the yield of the central rows and the middle border 
rows averaged for the same period over one-third more than the 
central rows. 

BORDER EFFECT AND THE INTERPRETATION OF YIELDS. 

In the former articles (1,2) attention was called to the fact that 
border effect due to alleys not only increases the yields of plots, 
the amount of increase depending on the size and shape of the areas 
used, but also may change the rank of varieties or rates of seeding 
in tests of that nature. 

From the data given in Table 1 it is evident that spring-sown 
winter wheat growing in the alleys between each two plots of spring 
grains did not obviate border effect. Therefore, it appears desirable 
to use the 1921 data in determining the increases in yields from plots 
due to border effect on (a) each of the three border rows on either 
side of each plot separately, (b) on the outside and middle border 
rows combined, and (c) on the outside, middle and inside rows com- 
bined for spring and winter wheat. The data for the 1921 crop 
together with the data for 1918 and 1917 crops make possible the 
comparison of results for a three-year period. The increases in 
yields for the three-year period expressed in bushels and in percent 
are given in Table 2. 
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Oats.... 10.13 9 90 940 9.81 23.60 10.90 12.70 15.73 12.30 

Spring wheat . 7.32 12.09 11.30 10.24 13.61 13 97 19 05 15 54 17*89 16.24 

Barley 12.84 9 59 12.23 n 55 28.02 12.12 19.81 19.98 13 42 

Winter wheat 14. 53 18.56 

Average for all crops 10.93 17.2 3 
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A summary of the increases in yields of the plots due to border 
effect on the marginal areas, expressed in percent, is presented in 
Table 3. 

The percentages of increase for the plots due to border effect on 
the outside rows, with the exception of that for spring wheat in 
1921, are rather uniform for the three-year period, the mean being 
10.96 per cent. 

For the outside and the middle rows combined, the percentages 
of increases for the oats and barley* in 1921 is rather high in com- 
parison with the same results for the other two years. The mean 
for all of the determinations for the three-year period is 17.23 per- 
cent. 

Data regarding border effect on three border rows on either side 
of each plot is available for only two years. The results for oats 
and barley in 1921 are not comparable with the others and there- 
fore no average is taken. Under ordinary conditions it appears 
that the amount of border effect on the third row on either side of 
each plot is not a serious consideration. The yield of each variety, 
as determined from yields from plots of full size and with one, two, 
and three border rows removed from either side of each plot is 
given in Table 4. The varieties of each crop are first listed in order 
of yield as determined from plots from which no border rows were 
removed. The yield for each variety is then given with one, two, 
and three border rows removed. 

In order to make comparisons of the value of the several varieties 
of each crop by each of the four methods of test, i. e., with none, 
one, two, and three border rows removed from either side of each 
plot, it is convenient to establish a discard point for the season. This 
has been accomplished by employing the formula 
Standard deviation x .6745 

n 

to derive the probable error for each test. In the formula, n repre- 
sents the number of replicates of each variety. After the probable 
error for the four methods of test had been derived £or the different 
crops, each was multiplied by the factor 3.8 which gives odds of 
30 to 1 (8) against a difference between any two varieties being due 
to normal variation. This gives differences in bushels for none, 
one, two, and three border rows for each crop as follows : Oats, 4.98, 
4.51, 4.90, and 5.89; spring wheat, 1.71, 2.05, 2.58, and 3.00; barley, 
3*42, 2.81, 2.39, and 3.12; winter wheats 1.2 i, 1.75, 1.63, 1*37, 
respectively. The figure obtained for each irop and method of test 
has been subtracted from the highest yielder and a line drawn indi- 
cating the discard point for the season under each method of test. 



arny: border effect 275 



From Plant Breeding Section, University Farm. * Discard point for crop season. 
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In the oat varieties, the removal of two and three border rows from 
either side of each plot involves two changes in rank, but in neither 
instance does the change involve a change of the variety from one 
side of the discard point to the other. 

In the spring wheat tests, the removal of two border rows from 
either side of each plot, changes the rank of the spring emmer and 
moves it above the discard point for that method of test. This posi- 
tion is maintained where three rows are removed from either side 
of each plot. 

In the barley and winter wheat tests, the removal of border row3 
brought about no changes of rank. 

SUMMARY AND DISCUSSION OF RESULTS. 

The results show that, in 1921, there was increased yield in the 
outside and middle border rows for the winter wheat varieties where 
the alleys were not cropped and for the spring grains separated by 
alleys cropped to winter wheat. The effect on the inside border 
rows (the third from the outside of the plots) was nil for the winter 
wheat and slight for the spring wheat. 

Cropping the alleys between the plots of spring grains to winter 
wheat reduced border effect so that it was not plainly evident at any 
time before the grain was harvested. This reduction is reflected 
in the relatively lower yields of the outside border rows of spring 
wheat, expressed in percent based on the yields from the central 
rows, as compared with the results secured in 1918 and 1917. For 
the oat and barley varieties, this reduction in border effect is not 
apparent from the yields of the outside rows expressed in percentages 
of the central rows because the fact that there was unavoidable loss 
of grain in harvesting the lodged central rows with the binder. This 
resulted in yields lower than they should be from the central rows 
and consequently higher percentages for the outside rows based oti 
the yields from the central rows. 

The three-year average yields of the outside rows of oats, spring 
wheat and barley expressed in percent based on the yields of the 
central rows is 199.8 and that of the middle border rows (inside rows 
in 1917) is 138.0. 

Results secured in 1917 with Kubanka wheat (9), under dryer 
conditions, were 182.4 per cent for the outside and 127.7 percent 
for the second rows based on the yields of the six central rows. A)! 
portions of the plots were “harvested by hand. The effect did not 
extend to the third rows in the plots. The uncropped alleys varied 
from 16 inches to 38'inches and one was a cultivated roadway several 
feet in width. There appears to be some correlation between width 
of alley apd amount of border effect but the number of determinations 
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was too small to give conclusive results. The amount of increase in 
yield in the border rows in this trial is very similar to the three- 
year average under Minnesota conditions. 

The yields of the outside and inside border rows in the variety 
plots separated by alleys were in almost every instance considerably 
higher than the yields from the central rows. Where variety or 
rate of seeding plots have been planted without the intervention of 
alleys, border rows have given yields both considerably above and 
below the yields for the central rows. This point is brought out 
in work reported from Nebraska (5). Although no statement is 
made regarding the pl$n of the plots in the variety and rate of seed- 
ing trials, it is assumed that there were no alleys between these plots. 
Therefore, the plants in contiguous plots came into direct competition 
and both higher and lower yields resulted in the border rows as 
compared with the yields from the central rows. 

Available data emphasize the necessity of considering border effect 
seriously in variety and rate of seeding trials, both when no alleys 
intervene and when the plots are separated by cropped or uncropped 
alleys. 

The results for the varieties separated by alleys in plots without 
and with border rows removed for a three-year period, show that 
the removal of the outside border row from either side of each plot 
reduced yields approximately 10 percent and when two border rows 
were removed from either side of each plot the yields were reduced 
approximately 17 percent. When the border effect extended to the 
third row (inside border row) it was relatively unimportant. 

That border effect in plots separated by uncropped alleys does 
make a different interpretation of results necessary in some instances 
has been shown (1), In 1921, the third year that work of this 
kind was carried on, one variety was moved from below to above 
the discard point for the year by the removal of border rows. 

The fact that on each of the three years, one or more varieties 
or rates of seeding was moved from one side to the other of the 
discard point for the year by the removal of border rows compels 
the conclusion that this operation was necessary in order to secure 
reliable results. 

It is possible that under other conditions this operation may not 
be necessary. Careful experimentation covering a period of years 
is the only way in which this point can be settled. 

The knowledge that border effect is not uniform for all varieties 
precludes the use of any percentage figures derived in one place to 
reduce yields secured in another location to a border-effect-free 
basis. 
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THE EXTENT OF NATURAL CROSS-POLLINATION IN 

SOYBEANS . 1 

C. M. Woodworth. 2 

INTRODUCTION. 

The soybean, is normally a self-fertilized plant. The flowers are 
extremely small, so small, in fact, that manipulation during artificial 
crossing is almost impossible without the aid of a binocular or a 
hand lens. There are ten stamens closely surrounding the pistil, 
and at the time when the stigma is receptive, the anthers burst open, 
covering the stigma with an abundence of pollen grains. As polli- 
nation occurs just before the flower opens, the chances of foreign 
pollen gaining entrance and effecting fertilization are very small. 

NATURAL HYBRIDS. 

Nevertheless, some natural crossing does occur. Piper and Morse 
(i) 3 found in bulk seed produced in 1907 certain oddly colored 
seeds, some of which produced plants whose progeny showed segre- 
gation in seed color, pubescence color, and flower color, thus proving 
the original seeds to be hybrids. They believe, however, that cross- 

1 Papers from the Department of Genetics, Agricultural Experiment Station, 
Madison, Wisconsin, No. 31. Published with the approval of the Director of 
the Station. Received for publication, March 15, 1922. 

* Formerly Assistant in Genetics; now Assistant Chief in Plant Breeding, 
at Illinois Agricultural Experiment Station. 

* Reference by number is to “ Literature cited," p. 283. 
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ing in soybeans is far from common, and that “ the percentage of 
hybrids that occur is very small, perhaps not one individual in two 
hundred. ,, 

Woodhouse and Taylor (2) conclude from their observations at 
Sabour, India, that “ natural crosses do not occur oil the plains of 
India to such an extent ” as that fioted by Piper and Morse in 
America. They grew seventy-five or more plots, each derived from 
a single plant selection, and found only one of these to be a hybrid 
(presumably so-called because it showed segregation in one or more 
characters, while the other plots did not). In a few other plots 
rogues were found which may have been the result either of crossing 
or of chance admixture. These had not yet been tested when the 
above work was published. 

In the work of the Department of Genetics of the Wisconsin Agri- 
cultural Experiment Station with soybeans, in 1914, it was observed 
that the progeny of a single plant was of two types with respect to 
growth habit. One type was stocky, compact, low and early matur- 
ing; the other was stout, more luxuriant in growth, higher yielding 
and later maturing. These two types occurred in the ratio of three 
of the late maturing to one of the early maturing type. Also, in 
the same year, progeny of another single plant showed two different 
and distinct pod colors, one a very dark brown, the other a light 
brown. The ratio of plants bearing dark brown pods to those 
bearing light brown pods was, again, as three to one. 1 Progenies 
of other single plants have been noted which showed evidence of 
segregation in flower color, seed color, cotyledon color, etc.., and 
which were proof, therefore, of the hybrid nature of the parent 
Woodworth, 3). 

The foregoing instances of segregation clearly show that natural 
crossing does occur in the soybean. In view of that fact, it was 
important in our experimental work to know how often we might 
reasonably expect natural hybrids to be produced among unbagged 
plants. An experiment was accordingly planned in 1916 to determine 
this point in a definite manner. 

The writer is indebted to Professor L. J. Cole for helpful sug- 
gestions and advice in the conduct of these experiments. 

EXPERIMENTAL. 

Soybean flowers are either purple or white. Purple is dominant 
to white, and the two colors form an allelomorphic pair. Plants 

1 Detailed data on the inheritance of these characters will be presented at 
another time. 
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known to be homozygous for purple flowers were grown two feet 
apart in the row, and between every two of these, so that they alter- 
nated with them, white flowered plants were interpolated. As the 
branches of the two types intermingled, abundant opportunity was 
afforded for crossing between them. 

Crossing might occur in any one of four different ways: (i) 
white flowers might cross with white, or (2) purple with purple 
on the same or on different plants; or (3) pollen from white flowers 
might fertilize purple; and lastly, (4) pollen from purple might 
fertilize white. Only the last named type of cross was made use 
of in this experiment since it is the only one in which the crossing 
can be readily determined in the plants of the succeeding generation. 
Seed from the purple-flowered plants will of course produce plants 
with purple flowers whether crossing has occurred or not, and hence 
these have no value as a test. Seed from the white-flowered plants 
will, if the flowers were selfrpollinated, or fertilized by pollen from 
other white flowers, produce only plants bearing white flowers; 
but if crossing has occurred with the dominant variety, then such 
seed should produce some plants bearing purple flowers. The per- 
centage of such hybrid seed, then, may be taken to represent about 
one-fourth of the total amount of crossing, since this is only one 
of four ways in which crossing may occur. 

In the fall of 1916 many pods were saved from each of seven 
white-flowered plants from the rows previously mentioned, and 
these seeds were planted in the spring of 1917. Fifty-three pods 
from 3 of these plants were kept separate, and the seeds from 
each pod were planted together so that it could be determined 
whether, if one seed from a particular pod proved to be a hybrid, 
the other seeds from that same pod were hybrid also. A total of 
91 plants was produced from these 53 pods, and all bore white 
flowers, thus showing no evidence of crossing. The remaining pods 
saved from the 3 plants above-mentioned, and all the pods saved 
from the other 4 plants, were shelled, so that the relationship of the 
beans to the pods was lost. These* seeds produced 1 14 plants, all 
white-flowered. Altogether, therefore, 205 plants were grown and 
not one showed evidence of hybridity. 

On the average, soybean pods of the white-flowered variety 
(S. P. I. 20405) used in this experiment contain 2 seeds. The 
205 plants tested, represent, therefore, about 100 pods. If one pod 
were crossed the percentage of crossing would be 1 percent, if there 
were only this one way in which crossing could take place; but 
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since there are four different ways, and one is as likely to occur 
as any other, the true percentage of crossing would be 4 percent. 
However, not one pod out of the estimated 100 tested proved to be 
the result of a cross ; hence we may conclude that for the varieties 
tested in this experiment and for this season the natural crossing 
was probably less, but at any rate, not greater than 4 percent. 

In the second experiment, cotyledon color was substituted for 
flower color. As shown in another paper (Woodworth, 3) green 
cotyledon is recessive to yellow. While two factors for yellow 
(duplicates) were involved in the cross under consideration, the 
result, for our purpose, was the same as if only one factor were 
involved. The advantage in using cotyledon color instead of flower 
color in this experiment is evident in the fact that, like endosperm 
color in corn, it appears one generation ahead of a mature plant 
character, and the number of hybrid seeds can be obtained directly 
without having to test them. In this instance one could be reason- 
ably sure that any yellow-cotyledoned seeds found among the greens 
borne by plants of the green-cotyledon type were hybrids. 

In 1918, two plans of planting were followed. In the first plan 
(A), the first (outside) row was planted to Variety 8, a yellow- 
cotyledoned variety (S. P. I. 20406), the second row was planted 
to both Variety 8 and also Variety 9, a green-cotyledoned variety 
(S. P. I. 20854), the plants of the two varieties being alternated 
in the row. (These varieties flower at about the same time, though 
Variety 8 is a trifle earlier.) The third row was planted to Variety 8 
alone, the fourth to the two varieties alternating, and so on. Thus 
the odd-numbered rows were planted to the yellow-cotyledon variety, 
while the even numbered rows were planted to both varieties. In 
the second plan (B), the two varieties alternated in every row. The 
plants in both plans stood one foot apart in the row, and the rows 
were one foot apart. Thus, as in the first experiment, abundant 
opportunity was afforded for natural crossing to occur. Only the 
green-cotyledoned plants were harvested, and besides the individual 
plant number they were designated A or B, according as they 
belonged to the A or the B plan of planting. In harvesting, the 
pods were picked from each plant, and each pod examined for 
hybrid seed. 

Plants in plan A (43 in number) produced a total of 1,464 pods, 
of which only one was a hybrid. This pod bore two seeds, one of 
which had green, and the other yellow cotyledons. Plants in plan B 
(112 in number) bore a total of 6,016 pods, of which two contained 
hybrid seed. Both pods were three-seeded, and in one all the seeds 
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were hybrid, while in the other only one seed was a hybrid. Alto- 
gether, 7,480 pods were produced by the 155 plants harvested. 
Three of these pods contained hybrid seeds, or .04 of 1 percent. 
This number would be approximately equivalent to one hybrid pod 
in 2,500. Since this, however, is only one out of four ways in which 
crossing may occur, the actual proportion would be approximately 
one hybrid in 625 pods produced, or .16 of 1 percent. This figure 
is considerably lower than the estimate given by Piper and Morse 
( loc . cit.). 

Direct proof of the hybrid naturp of these yellow-cotyledon seeds 
has been presented in another paper (Woodworth, 3). 

The percentage of natural hybrids above given is not thought to 
hold for all varieties, or for all localities, or for all seasons. Much 
depends on the time of flowering of the contiguously planted varie- 
ties, the intervening distance, and the presence or absence of minute 
insects, such as thrips, which are believed to play a large part in 
the occurrence of natural cross pollination of soybeans. It is neces- 
sary to secure more data on different varieties and in widely sepa- 
rated localities before one can arrive at a proportion which will be 
generally applicable. 

As was indicated by the above data, a flower may be partly cross- 
pollinated and partly selfed. Indeed, this would appear to be the 
more general result as only one of the three hybrid' pods contained 
seeds all of which were hybrid. This fact emphasizes the necessity 
of examining each pod separately. 

HYBRIDS BY MUTATION. 

Heterozygous plants may also arise as a result of mutation. Take 
the character flower color for illustration. If in a homozygous 
purple strain, the factor for purple should be lost or otherwise 
made ineffective by a mutative change in one gamete and no such 
change should occur in the other gamete, then the seed resulting 
from the union of these two germ-cells would produce a plant 
heterozygous for purple flowers. The progeny of such a plant 
would show segregation just as if the parent plant were the result 
of a natural cross. Of course, the number of notations in soy- 
beans is probably small, but it is reasonable to believe they do occur. 
It may even be probable that the progenies which segregated in 
growth habit in one case and pod color in the other (as noted above 
in our work) came from plants which were the result of mutation, 
tho the evidence appears to favor natural crossing as the cause 
This emphasizes the fact, however, that little dependence can be 
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placed in the amount of crossing determined by the frequency of 
occurrence of heterozygous plants in the field. 

PRACTICAL SIGNIFICANCE. 

The experimental plant breeder must know at all times the source 
and parentage of the strains with which he works. Few, probably 
no, crop plants are exclusively self -fertilized, but there is great 
diversity among them with respect to the frequency with which 
natural crossing may occur. This relative frequency will determine 
what care should be taken in making sure of the purity of the 
breeding material. If, for example, natural crossing occurs so 
seldom that bagging all plants is rendered unnecessary, then that 
fact is worth knowing. 

It is important that strains made pure by years of selection be 
kept pure. As soon as crossing occurs, deterioration in yield is 
a common result. Uniformity of product is also sacrificed, and 
market standards cannot be met, and the result is discrimination 
and reduced prices. If the producer knows the chances of crossing 
between his varieties and those of his neighbor, he can more intelli- 
gently determine the distances that should intervene between them 
to prevent such crossing. 

SUMMARY. 

1. Natural hybrids are shown to occur in the soybean. 

2. In a total of 205 seeds from recessive white-flowered plants, 
none proved to be hybrid. When cotyledon color was used as an 
index of hybridity, only three pods in a total of 7480 contained 
hybrid seed. If all ways in which crossing may occur are taken into 
account the proportion would be one hybrid pod in 625, or .16 of 
1 percent. 

3. The percentage of cross-pollination may presumably differ 
according to the variety, the locality, and the season. 

4. Hybrids may also arise by mutation. 

5. It is important to the experimental plant breeder and to the 
farmer to know how much natural crossing may be expected under 
given conditions. 
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THE EFFECT OF FERTILIZERS ON THE GERMINA- 
TION AND BACTERIAL DEVELOPMENT OF IN- 
OCULATED SOYBEAN SEED . 1 

T. B. Hutcheson and T. K. Wolfe . 2 

It is a common practice in Virginia for farmers to mix together 
seed and fertilizer and to sow the mixture from the same compart- 
ment of the drill. In this procedure, the seed and fertilizer come in 
intimate contact. The effects of the fertilizer material on the germ- 
ination and the bacterial development of inoculated seed are oi 
great importance. Questions in regard to these effects have often 
been asked by many of the people who have used this method of 
planting seeds. 

The investigations reported in the paper were begun for the pur- 
pose of studying possible effects of certain fertilizer materials on 
the germination of inoculated soybean seed and the nodule develop- 
ment on the roots of the plants. 

MATERIALS AND METHODS USED. 

A sandy loam soil, on which soybeans had never been grown, 
was selected for this experiment. The soil was placed in flats one 
foot square and three inches deep. The experiments were con- 
ducted in the greenhouse. Soybean seed were inoculated with a 
pure culture of the soybean organism before planting and they were 
planted in direct contact with the different fertilizer materials. The 
rate of planting was two bushels per acre, which allowed fourteen 
seed to each flat. In addition to those fertilized, two flats were left 
unfertilized to serve as checks on the fertilizer materials. The 
fertilizers used and the rates of application are shown in Table I. 
In order to find out whether the soil already contained the nitrogen 
fixing bacteria, one flat was left unfertilized and planted with soy- 
bean seed previously treated with a o.i percent solution of bichloride 
of mercury. 

Observations were made on the germination of the seed and 
on the formation of nodules upon the roots of the seedlings. The 
percentage of germination was determined by counting the number 
of plants which appeared above ground. The effect'of the fertilizer 
materials on bacterial development was studied by counting the 
nodules which developed on the roots of the plants after the soil 

* Contribution from the Agricultural Experiment Station of the Virginia 
Polytechnic Institute, Blackburg, Va. Received for publication, March 20, 1922. 

2 Agronomist and Associate Agronomist, respectively. 
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was carefully removed from the roots by washing with water. The 
counts were made at the end of thirty and forty days. One half of 
the plants were used for the first count, and the remaining half for 
the last count. 

RESULTS. 

The results secured are shown in Table I. 

Table i. — The effect of fertilizers on the germination and bacterial development 

of inoculated soybean seed. 

Number of Nodules 
Germination. s Formed. 


Amount of fertilizers applied 

N umber 

Per- 

First 

Second 

Average 

per acre. 

of plants, centage. 

count. 

count. 

count. 

Acid phosphate, 200 lbs 

• 13 

93 

16 

8 

12 

Acid phosphate, 300 lbs 

13 

93 

6 

8 

7 

Acid phosphate, 400 lbs 

12 

86 

9 

5 

7 

Check 

14 

100 

11 

9 

10 

Muriate of potash, 100 lbs 

14 

100 

10 

H 

12 

Sulphate of potash, 100 lbs 

14 

100 

14 

12 

13 

Nitrate of soda, 100 lbs ... 

14 

100 

5 

7 

6 

Ammonium sulphate, 100 lbs. . . . 

14 

100 

10 

6 

8 

Dried blood, 100 lbs 

H 

100 

8 

8 

8 

Check 

14 

100 

11 

11 

II 

Basic slag, 300 lbs 

13 

93 

II 

15 

13 


The soybean seed treated with bichloride of mercury and planted 
in the unfertilized soil gave a germination of 93 percent and none 
of the plants produced showed any nodule development. These 
results indicate the condition of the soil was favorable to the germina- 
tion of soybean seed and that the soil did not contain the soybean 
organism. In view of these results it may be assumed, that if the 
nodule development on the roots of plants is decreased on certain 
of the fertilizer plats, the decrease was due to the fertilizer applied. 

It may be seen from Table 1 that the fertilizers and the rates of 
applications used are the ones generally employed in ordinary 
farm practice. The acid phosphate used contained 16 percent 
available P 2 O 0 and the basis slag contained 18 percent available 
P 2 O fl . 

The seed planted in the two check plats germinated 100 percent. 
If any of the fertilizers used have had an injurious effect on germina- 
tion, the percentage of germination should be significantly lower 
than 100 percent. A glance at the table will show that none of 
fertilizers at the rate applied decreased germination to any appreci- 
able extent. These results are in accord with those previously 
secured by the authors 1 on a sandy loam soil. However, it was 

1 Hutcheson, T. B., and Wolfe, T. K. The effect of fertilizers on the germina- 
tion of seeds . Va. Agr. Expt. Sta. Ann. Rept. 1918-1919, 33-37. 
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found in the previous investigation that fertilizers had a more 
deleterious effect on the germination of soybean seed on a silt loam 
than on a sandy loam soil. The injurious effect of fertilizers on 
germination of soybean seed was much less when the fertilizers Were 
broadcasted and worked in the soil before the seed were planted, than 
when the fertilizers were distributed in the row and the seed placed 
in direct contact with the fertilizers. 

The average number of nodules developed in the plants of one 
check was ten, while eleven was found on the plants of the other 
check. The number of nodules prqduced on the plants grown under 
the different fertilizer treatments were not markedly less than those 
found on the roots of the plants grown in the check flats. These 
results indicate that at the rate these fertilizers were used no pro- 
nounced injurious effect was produced on the bacterial development 
of inoculated soybean seed. 

The results secured on this investigation may have been entirely 
different had the seed been mixed with the fertilizers and allowed 
to remain several days before planting. In this experiment the 
fertilizers were applied in the row and the seed planted and covered 
with soil immediately. Soil type has also been found by the authors 2 
to affect the influence of fertilizers on the germination of seed. 

The results indicate that the fertilizers, at the rate used in this 
experiment, when applied to a sandy loam soil in direct contact 
with soybean seed, did not have any appreciable detrimental effect 
on the germination of the seed or on the development of nodules 
on the roots of the plants. 

AGRONOMIC AFFAIRS. 

Summer Conference of New England Agronomists 

Under the auspices of the New England section of the American 
Society of Agronomy and in cooperation with the Maine Agri- 
cultural Experiment Station and Aroostook County Farm Bureau, 
some thirty agronomists, pathologists, and others interested in 
problems of potato production spent three days, August 8-10, 1922, 
in Aroostook County, Maine, inspecting potato fields and discussing 
problems of certification and production. The following program 
was rendered : 

Aug. 8th and 9th, — Important features of potato culture in 

Aroostook County — En route Annual 
Farm Bureau Inspection Trip. County 
Agent Edward W. Morton. 


2 Loc. cit. 
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Aug. 8th, 8:00 p. m. — Fort Fairfield. 

What purchasers expect in the way of certi- 
fied potato seed. Discussion led by Prof. 
J. S. Owens of Connecticut, County Agent 
j. H. Putnam of Massachusetts, and R. C. 
Parker, formerly County Agent on Long 
Island. 

Aug. 9th, 8:00 p. m. — Presque Isle. 

Certification of seed stock in Maine. E. L. 
Newdick, Maine State Department of 
Agriculture. 

Certification in other states — 

New York, Dr. M. F. Barrus; 

New Hampshire, Dr. O. R. Butler;* 
Vermont, Dr. E. Van Alstine. 

Potato Diseases and their Control. Director 
W. J. Morse, Maine Agricultural Experi- 
ment Station and Dr. D. Folsom, Presque 
Isle Substation. 

Aug. 10th, 9:00 A. M. — Inspection of experimental work on potato 

diseases. Drs. D. Folsom and E. S. 
Schultz, Presque Isle Substation. 

Inspection of triangle fertilizer experimental 
fields. Drs. Oswald Schreiner and B. E. 
Brown. 

Fertilizer and soil type relationship in 
Aroostook County. Dr. Oswald Schreiner, 
Bureau Plant Industry, Washington, D. C. 

Necessary grades of mixed fertilizer for New 
England. Director S. B. Haskell, Massa- 
chusetts Agricultural Experiment Station. 

A. B. BEAUMONT, 

Secretary . 


Presented by Director J. C. Kendal). 
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BOTANICAL ABSTRACTS TO INDIVIDUALS FOR $5 

THE YEAR 

The price per volume of Botanical Abstracts (12 months with 
annual index) will be reduced to $5 net t providing 1,000 new, indi- 
vidual subscribers are secured. Former subscribers who dropped 
out before volume 9 are considered “ new.” This rate applies only 
to individuals who are located at a subscribing institution or who 
present evidence that their’s is a bona fide, personal subscription. 

The price of Botanical Abstracts volume 12 (January to December, 
1^23) to institutions, departments, officers, libraries, agents, etc., is 
$10 net. 

If you have not been personally solicited, please enter your order 
on a 3 x 5 card, ready for filing, using the following form. 


[on 3 x 5 card] 

Name (as used in business) 

Address (where to send the journal) 

I agree to subscribe for Botanical Abstracts at $5 net , the year, pro- 
viding 999 others subscribe and thus make this offer possible. 

Receipt of invoice for volume 1 2 at $5 net , payable on or before January 
15, I923» will be accepted as notice that the quota has been reached. 

My institution is 

I am a member of Society. 


Please print. 


Postage to Canada, $0.40; to other Countries, $0.80. 

All orders must be in the' hands of the Business Manager, of 
Botanical Abstracts, College of Agriculture, Ithaca, New York, on 
or before November 1, 1922. 


ANNUAL MEETING OF THE SOCIETY 

The annual meeting of the American Society of Agronomy will 
be held in Washington, D. C., on Monday and Tuesday, November 
20 and 21, 1922. All sessions will be held in the ‘New Ebbett Hotel, 
14th and F streets N. W. Programs will be mailed to members 
by the Secretary a few days in advance of the meeting. 
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THE EFFECTS OF SELF-FERTILIZATION IN 
TIMOTHY . 1 

H. K. Hayes and H. D. Barker. 2 

Studies carried on both in the United States and in foreign coun- 
tries, notably Sweden, have demonstrated the fact that timothy ma> 
be improved by the selection and isolation of the more desirable 
strains. As timothy is normally a cross-fertilized plant, the prac- 
tical improvement of commercial varieties is somewhat more diffi- 
cult than with self -fertilized crops. For this reason the greater 
part of the commercial seed now used in the United States is of 
the ordinary unselected sort. 

Webber, et al (4 s ) suggested the use of self -fertilized seed as a 
means of testing the transmitting ability of clonal lines. The method 
used to obtain self-fertilized seed as recommended by Webber, was 
to cover a group of about a dozen heads with a twelve-pound Manila 
paper bag just before blooming began. The heads were then shaken 
thoroughly each morning during the blooming period to insure 
the distribution of pollen over the pistils. Studies carried on at 
Minnesota have shown that some timothy plants are highly self- 
sterile while others are highly self-fertile. Since there is little 
available information regarding this question and as a knowledge 
of the mode of reproduction of a crop is essential to the breeder, 
it seemed worth while to present the results obtained. 

Frandsen (1) compared the percentage of seed set under the fol- 
lowing conditions: self-fertilization, cross-fertilization, and free- 

1 Published with the approval of the Director as paper No. 332, Journal Series 
of the Minnesota Agricultural Experiment Station, St. Paul, Minn. Received 
for publication, June 29, 1922. ♦ 

* Head of Section of Plant Breeding, Division of Agronomy and Farm Manage- 
ment and Assistant Pathologist, Division of Plant Pathology and Botany, 
respectively. 

8 Reference by -number is to “ Literature cited/' p. 293. 
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flowering. The following data give a comparison of timothy and 
brome grass as reported by Frandsen: 

Table i ,-t Perce niage of seed obtained by self-fertilization in timothy and brome 

grass. 

Percentage of seeds set 


Self- Cross- Free- 

Species. fertilizing. fertilizing flowering. 

Phleurn pratense 0.8- 8.5 52.0 91.3 

Bromus arvensis 66 . 6~8o .0 80,4 77 . 2-89 . 2 


Apparently timothy is highly self -sterile, while brome grass is 
apparently self-fertile. 

THE MINNESOTA STUDIES. 

In a preliminary study, heads of approximately fifty individual 
timothy plants were used. One or more heads , were first covered 
with glassine bags which were about 6 by 2 inches in length and 
width, respectively. A Manilla-paper bag was then used to protect 
the glassine bags from heavy winds and rains. Only one or two 
seeds were obtained from these fifty plants. 

A number of individual plants were then selected and 25 bulblets 
from each propagated in the greenhouse, the various clonal lines 
being isolated from each other by means of cheese cloth partitions. 
Three plants from each of several of the lines were also placed 
in isolated groups in the small grain nursery at some distance from 
other timothy plants, only those plants of the same clonal line 
being placed together. The amount of seed set under these various 
conditions gives a fairly accurate indication of the fruitfulness of 
the particular clonal line. As all lines produced numerous heads 
the differences observed and shown in Table 2 seem most reason- 
ably to be attributed to genetic differences in the ability to produce 
self -fertilized seed. 

In general, there is a marked similarity in the percentage of seeds 
obtained from a clonal, line in the greenhouse and in isolated field 
plots. The first three clonal lines, T30-30-9, T3b-30^2i, and 
T3 1-64-1, produced a fair amount of seed both in .the greenhouse 
and in the field. Line T31-97-11 is rather highly fruitful in all 
tests ; while lines T32-65-14, T32-32-30, and T 1-1-26, are appar- 
ently highly self -sterile. Seed of the various self-fertilized lines 
was planted in the greenhouse in the spring of 1922, the plants 
being carefully spaced about one inch apart. As shown in Table 3, 
several of these clonal lines produced a percentage of albino seed- 
lings. 
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Table 2.-— Number of seeds obtained from isolated clonal lines in the greenhouse 
and from the same clonal lines in isolated field plots . 

Isolated 

Greenhouse test. field plot. 


Clonal line. 

T3Q~30~9 

T30-30-21 

T31-64-1 

T31-97-H 331 

T32-65-14 

T32-32-30 

Ti-1-26 

T3I-31-22 

T32-98-24 : 

T32-98-27 


Number 

Number 

Number 

of seeds, 

of seeds, 

of seeds, 

1919-20. 

1920-21. 

1921. 

56 

202 

208 

54 

37 

208 

1 1 

73 

208 

331 

231 

495 

6 

0 

0 

4 

0 

15 

1 

2 

0 

2 

0 


1 

25 


1 

15 



Table 3. — Albino seedlings obtained from self -fertilized timothy seed . 


Clonal line. 

Number 
of seeds 

Number 
which 
failed to 

N umber 
of 

Source 

- 

planted. 

germinate. 

albinos 

of seed. 

T30-30-9 

. . . . 202 

12 

0 

Greenhouse 

208 

26 

0 

Field 

T3O-30 2! 

37 

1 

5 

■ Greenhouse 

208 

4 


Field 

T30-63-23 

. . . 104 

6 

1 

Greenhouse 

T3I-3I-5 

. . . . 104 * 

6 

0 

Greenhouse 

T3I-64-I 

73 

3 

I 

Greenhouse 

208 

18 

4 

Field 

T3 i-97-ii 

. . . . 208 

9 

11 

Greenhouse 

203 

12 

8 

Field 

T3I-97-I8 

84 

0 

0 

Greenhouse 

T32-32-30. 

16 

2 

0 

Field 

T32-65-29 

. 7 

1 

0 

Greenhouse 

T32-98-24. 

. .. . 22 

4 

1 

Greenhouse 

T32-98-27 

. . . . 21 

0 

0 

Greenhouse 

Tl-I-26 

. . . . 2 

0 

0 

Greenhouse 


Probably all investigators who have practiced self-fertilization in 
corn have observed chlorophyll-deficient seedjings. The frequency 
with which they are obtained is of interest in relation to the fre- 
quency of the occurrence of albinotic timothy seedlings. Lindstrom 
(3, 4) has worked out the genetic relations of the four most com- 
mon types — yellow, white, virescent-yellow, and virescent-white — 
which appear in self-fertilized lines of corn. Perhaps their fre- 
quency lias not been generally appreciated by plant breeders although 
Hutcheson (2) has reported a test of 1872 self-pollinated ears which 
were grown under greenhouse conditions. Approximately 36 percent 
of these ears gave seedling lethals in a part of their progeny, while 
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a little over 28 percent gave chlorophyll deficiencies which were 
observable in the seedling state. 

Recently, the frequency of chlorophyll seedling deficiencies has 
been observed in several standard varieties of corn at Minnesota, 
as shown in Table 4. 

1 

Table 4. — Seedling chlorophyll-deficient types observed in normally pollinated 
and first-year selfed strains of standard Minnesota corn varieties . 


Number of 


Variety. 

Type of 
pollination. 

Number 
of plants. 

chlorophyll 
deficient plants. 

Minnesota No. 13 

Normal 

1.305 

9 

Rustler 

Normal 

880 

2 

Minnesota No. 23 

Normal 

792 

2 

Northwestern Dent 

Normal 

616 

3 

King Phillip 

...... Normal 

792 

1 

Longfellow 

Normal 

880 

2 


Number of strains 

• Number with chlorophyll- 

of strains, deficient seedlings 

Minnesota No. 13 1 yr. selfed. ... 29 17 

Rustler 1 yr. selfed. ... 6 3 

Northwest Dent 1 yr. selfed. ... 4 2 


As corn is largely cross-pollinated the percentage of seedling 
lethals obtained by^ the use of normally pollinated seed is very 
small. The thirty-seven first-year selfed lines were^ from plants 
which appeared vigorous and of desirable type as observed in the 
field. Of these thirty-seven strains twenty-two gave seedling lethals. 

Although the number of timothy first-year self -fertilized lines 
which were grown in the greenhouse is very small the results indi- 
cate that chlorophyll-deficient types appear as frequently in self- 
fertilized timothy, as in corn, since five lines out of a total of 
twelve tested gave some albino seedlings. Witte (6) has reported 
a timothy plant which when selfed gave progeny which produced 
degenerate pistils and -ovules. Apparently, therefore, self-fertiliza- 
tion in timothy, as in corn, is a logical means of freeing the strain of 
undesirable recessive characters. 

SUMMARY. 

Self-fertilized clonal lines of timothy differed widely. This was 
probably due to genetic causes as there was marked correlation 
between the percentage of seed set under various conditions. 

Five out of eleven firstryear self -fertilized strains some albino 

seedlings in their progeny. 
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THE INTERPRETATION OF MECHANICAL ANALYSIS 
OF SOILS AS AFFECTED BY SOIL COLLOIDS . 1 

R. O. E. Davis. 2 

OBJECT OF MECHANICAL ANALYSIS. 

The mechanical analysis of . the soil is employed to determine 
quantitively the relative amounts of the different sized mineral 
particles making up the soil. 3 The relative amount of these various 
sized grains has an important bearing on the character of the soil 
and from the results of the analysis the soil is classified as a “ sand/" 
“ loam,” u clay,” etc. Closely related to the mechanical composition 
of the soil are the waterholding capacity, the power of capillary 
attraction for water, drainage, ease of tillage, and productivity. The 
limits set for the definition of the group sizes are largely arbitrary, 
but are those which have been found to be most practical in opera- 
tion. The limits adopted by the U. S. Bureau of Soils (2) are 
as follows: fine gravel 2 to 1 mm. in diameter; coarse sand 1 to 
.5 mm.; medium sand .5 to .25 mm.; fine sand .25 to .1 mm.; very 
fine sand .1 to .05 mm.; silt .05 to .005 mm. ; clay less than .005 in 
diameter. The soil classification, based on the texture of the soil, 

1 Contribution from Bureau of Soils, U. S. Department of Agriculture. Pub- 
lished by courtesy of the American Chemical Society; read at the Birmingham 
meeting, April 5, 1922. Revised for publication, June 16, 1922. 

* Scientist in Charge of Soil Physical Investigations. 

9 Reference by number is to “ Literature cited,” p. 298. 
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and indicated by means of mechanical analysis, divides the soil into 
twelve different classes, as follows : 

(a) Soils containing less than 20 percent of silt and clay; 

(1) “ Coarse sand,” over 25 percent gravel and coarse sand, 
and less than 50 percent of any other grade. 

(2) “ Sand,” more than 25 percent fine gravel, coarse and 
medium sand, and less than 50 percent of fine sand. 

(3) “ Fine sand,” more than 50 percent of fine sand, or less 
than 25 percent of fine gravel, coarse and medium sand. 

(4) “ Very fine sand,” over $0 percent of very fine sand. 

(b) Soils containing 20 to 50 percent of silt and clay ; 

(5) “ Sandy loam,” over 25 percent of fine gravel, coarse 
and medium sand. 

(6) “ Fine sandy loam,” over 50 percent of fine sand, or less 
than 25 percent of fine gravel, coarse and medium sand. 

(7) “ Sandy clay,” 20 percent of silt. 

(c) Soils containing more than 50 percent of silt and clay; 

(8) “ Loam,” less than 20 percent of clay and less than 50 
percent of silt. 

(9) “ Silt loam,” less than 20 per cent of clay and more than 
50 percent of silt. 

( 10) “ Clay loam,” 20 to 30 percent of clay and less 
than 50 percent of silt. 

(11) “ Sandy clay loam,” 20 to 30 percent of clay and over 
50 percent of silt. 

(12) “ Clay,” more than 30 percent of clay material. 

The classification of soils in other countries differs somewhat from 
that adopted by the U. S. Bureau of Soils, mainly because of the 
adoption by them of different limits for the various groups of 
material, determined through mechanical analysis. 

EFFORTS OF DEFLOCCULATION. 

In the various methods of making mechanical analyses the effort 
is made to bring about deflocculation of fine particles in the soil 
before analysis is attempted. When collected in the field die sample 
of soil is generally in a more or less moist condition, but usually 
comes into the laboratory in an air dry state. In .this condition, 
there have been formed hard lumps which must be broken down in 
order to determine the grain composition, and the various methods 
of preparation attempt to bring about not only a breaking down of 
the lumps but a deflocculation of the fine material of the silt and 
clay groups. The different methods recommended for deflocculation 
are : treatment with acid, rubbing with a rubber pestle, and shaking 
with water or with water and an alkali. 

The centrifuge method of analysis was Worked out 
Bureau of Soils and has been in use by its workers in analysing 
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thousands of samples of soils. As preliminary to this method the 
soil is suspended in water with a few drops of ammonia and shaken 
for seven hours or more in a shaking machine. Experiments by 
Briggs, Martin and Pearce (3) have shown that this means of 
deflocculation gives better results than any other, especially in han- 
dling a large number of samples, and that while deflocculation was 
not quite complete after this length. of time the continued shaking for 
a longer period produced only slight changes. It is quite evident 
that for the proper separation of the grain sizes a complete defloccu- 
lation is desirable, as otherwise small aggregates of material may be 
classed as belonging to a group with size limits considerably above 
that to which the individual deflocculated material would belong. 

COLLOID CONTENT OF SOILS. 

It has long been appreciated that soils contain material of a col- 
loidal nature but it was believed that truly colloidal material was 
of a small amount ancl rather insignificant, and that after the treat- 
ment described as used in the Bureau of Soils, it would be obtained 
in the clay group in a mechanical analysis. Various investigators 
have made efforts to separate the colloidal material, itself, in the 
soil and it has been believed by Schloesing (4) and later investigators, 
that the amount ranges from 0.5 to 2 percent in what is termed 
a clay soil, although by the Atterberg (5) and Williams (6) methods* 
of mechanical analysis a large amount of material is secured, which 
must be largely colloidal. The method usually used for extraction 
of the colloid is that of shaking with water and separation through 
subsidence, allowing the larger particles to settle and the colloidal 
particles to be withdrawn in the supernatant liquid. The workers 
in the U. S. Bureau of Soils have been investigating this colloidal 
content for several years and have worked out a method for ex- 
tracting samples in which large amounts of soil are shaken up with 
water and the suspension run through a high speed centrifuge which 
generates a force of about 17,000 gravity, acting on the average 
particle. The liquid passing through this centrifuge contains a 
disperse material which is then collected by suction on a Pasteur- 
Chamberlain filter. By repeated extractions through rubbing and 
shaking with water, amounting to about forty operations, it has 
been shown that amounts perhaps as high as 50 percent of colloidal 
material are, contained in. some of the clay soils. This colloid, if 
separated in this way, may be obtained in the disperse system. The 
particles show under the ultra-microscope the true Brownian move- 
ment and the material when dried is of a horny, resinous character 
highly absorptive for water, dyes, and gases. 
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COLLOIDAL CONTENT OF SEPARATES. 

A sample of soil which on mechanical analysis was shown to 
contain 51.4 percent of silt and 13. 1 percent of clay was tested for 
its colloidal content. These tests showed that little cblloid existed 
in the sand groups, and that the clay group was made up almost 
entirely of aggregates of colloidal material while the silt contained 
about 18 percent of colloidal aggregates. 

SEPARATION C)F COLLOIDS BY ATTRITION. 

It has been indicated by absorption tests that the clay group was 
made up largely of colloid material, but continued shaking with water 
did not break up the coagulated particles, or in other words, these 
particles, made up of groups of agglomerated material, formed into 
aggregates which were not further broken down by simply shaking 
with water. It was undertaken to separate the clay group by rubbing 
and subsidence and it was found that by repeated rubbing with a 
rubber pestle that some colloid was separated on each treatment and 
that after repeated treatments (18 to 40 times) there remained a 
small portion of the original fraction that subsided more quickly, 
that showed under the microscope angular mineral particles. The 
bulkier portion of the material appeared identical with the ultra- 
clay, as the colloidal portion has been called. The angular portion 
did not exhibit the characteristic properties of the colloidal portion. 

That the mechanical analysis as carried out does not necessarily 
give the true relationship of the mineral particle sizes has been shown 
in another way. A number of samples of deep sea bottoms were 
submitted to the Bureau of Soils for mechanical analysis by Dr. 
T. W. Vaughan of the U. S. Geological Survey. These, samples 
appeared, from the separations made, to contain considerable por- 
tions of material falling within the sand and silt groups. However, 
the material indicated by the analysis as belonging to sand or silt 
groups could be easily crushed with the finger, leaving on a sheet 
of paper a black streak. These particles were mere agglomerations 
of very fine material that were not deflocculated by the treatment of 
shaking with water. Tests indicated that these samples, although 
they would be classed by mechanical analysis as loams or sandy 
loams, were 80-90 percent colloidal' with sufficient material of shell 
particles, as shown by the carbonate test, to furnish the remainder. 

It has often been pointed out that it is very difficult to make an 
accurate mechanical analysis and that different analysts frequently 
disagree in their results. The explanation seems to lie in the fact 
that the soil aggregates are not broken up to the same extent and 
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cannot be entirely deflocculated by any means that will not change 
in part, at least, the relative proportions of the particles. 

DESIRABILITY OF EXPRESSING THE COLLOID CONTENT. 

The clay part of the soil has long been regarded by soil investi- 
gators as the most active part of the soil. Its absorptive action has 
been believed to be both physical and chemical (7). It has been 
shown that this most active portion of the soil is very absorptive 
and that the absorptive part is probably largely the soil colloid and 
very little the unaltered mineral particles. Work in this Bureau indi - 
cates that this colloidal soil material is probably double silicates of 
iron and alumina. It is plain from the properties exhibited by this 
material that the soil solution relations, water retention of soil, and 
moisture movement all depend very largely on the amount and 
character of the colloid, also that such physical properties as per- 
colation, clodding, tilth, shrinkage of the soil are influenced by the 
quantity and distribution of the colloid. This colloid material prob- 
ably is the plastic material in the soil. In testing the cementing 
properties of the colloid, or ultra-clay, separated from several .soils, 
its strength when dried was determined by some experiments car- 
ried out in our laboratory. The crushing strength of briquettes con- 
taining the colloid were compared with similar ones using Portland 
cement. The briquettes were 25 x 25 mm. of cylindrical shape. 
Made up with the same sand, 10 percent cement gave a crushing 
strength of 19 kilos, 10 percent of Cecil clay colloid gave a crush- 
ing strength of 122 kilos, and with 10 percent of Susquehanna clay 
colloid, 96 kilos. A similar series with quartz flour gave, cement, 
1 12 kilos; Cecil clay colloid, 304 kilos; Susquehanna clay colloid, 
207 kilos. 

' POSSIBLE MODIFICATION OF ANALYSIS. 

From the foregoing considerations and the experimental results 
obtained it appears that the mechanical analysis as carried out does 
not furnish us with the true meaning as to the quantitative distribur 
tion of the various sized mineral particles in. the soil and that it is 
particularly desirable to determine the colloid content and its dis- 
tribution, The different groups of mineral particles, and especially 
the slit and clay groups, are made up in part of colloidal material^ 
and it is possible that a method may be worked out for determining 
the amount of colloid in the soil and in the silt and clay groups, 
TEhe process of rubbing a soil sample in water with a rubber pestle 
and decanting, while possible, is too laborious arid tedious to b$ 
employed on a large number of samples in a routine way. Work in 
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progress indicates that a determination of the colloid by the absorp- 
tion of water vapor may give the desired information. The major 
portion of the colloidal material is contained in the silt and clay 
groups, so that by determining the colloid in the soil and in these 
two groups, information might be obtained that would show the 
amount and distribution of this colloid, and as a result the correction 
that should be applied to the mechanical analysis to show the proper 
amounts of mineral particles in those groups. 
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SCARIFICATION AS IT AFFECTS LONGEVITY OF 
ALFALFA SEED . 1 

L. F. Graber. 2 


The value of scarification for the elimination of hard seeds in 
alfalfa and clovers has met with a wide-spread appreciation. The 
Ames Hulling and Scarifying machine is being used on a com- 
mercial basis in the seed industry. Evidence of its value is 
abundant and striking. The immediate germination df commercial* 
lots of alfalfa seed containing 25 percent hard seeds! has frequently 
been found to increase from 70 percent to 90 percent or better, fol- 
lowing scarification. With sweet clover, which often contains a 
higher percentage of hard seeds, the results have been even more 
pronounced, as Table 1 indicates. Furthermore, there appears to 

1 Published by permission of the Director of the Wisconsin Agricultural Expert* 


meat Station. Received for publication. 
* Professor of Agronomy. 
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be a benefit from scarification that is not entirely made evident by 
the ordinary six day germination test. 

Table i. — Effect of scarification on the immediate germination of legume seeds 
containing more than ten percent hard seeds . 

Percenfof germination. 

Before scarification. After scarification. 


Kind of seed. 

Immediate. 

Hard 

seed. 

Hard 

Immediate. seed. 

Grimm alfalfa 

70 

25 

9i 

Not given 

Grimm alfalfa 

77 

23 

94 

Not given 

Hubam clover 

60 

34 

92 

2 

Yellow blossom sweet clover. . . 

28 

60 

80 

5 


In an experiment conducted by the Agronomy Department of the 
Wisconsin Station, alfalfa seeds still remaining hard after having 
been in the germinators for six days were removed for further test. 
One hundred of these hard seeds were obtained from scarified sam- 
ples and one hundred from the same lots of seed which had not been 
scarified. These seeds were sown separately and at a uniform depth 
in a greenhouse flat of fertile loam soil. The flat was placed in the 
open field on April 6, 1919, where it would be exposed to normal 
spring weather to avoid the “ damping off ” fungus difficulties of the 
greenhouse. After a three- week period, the one hundred seeds still 
remaining hard in the scarified alfalfa produced forty-six alfalfa 
seedlings (46 percent) compared with twenty-five seedlings (25 per- 
cent) for the hard seeds which came from the unscarified alfalfa. 
While scarification will not necessarily cause a complete elimination 
of all hard seeds, as indicated by a six day germination test, it is 
significant that scarified seeds still remaining hard had been scratched 
sufficiently to result in the production of nearly twice as many 
seedlings as obtained under similar conditions with hard seeds 
selected from unscarified samples. 

While these results indicate the effectiveness of scarification for 
the improvement of immediate germination, its influence on the 
longevity of alfalfa seed appears to be deleterious in character. 

An experiment was begun in September, 1921, to test the effect 
of age on the germination of forty-four samples of unscarified alfalfa 
seed which had been stored for periods of from two to twelve years 
in a cool dry basement. The original germination of the lots was 
known in all cases but one and ranged from 91 to 95 per cent. The 
fact that all this seed had been used in field tests and produced 
excellent stands of alfalfa indicates that the germination must have 



300 JOURNAL OF THE AMERICAN SOCIETY OF AGRONOMY 

been very satisfactory, even in the case of the 6 year old samples 
where the original germination had not been recorded. 

Table 2 . — Effect of age on the germination of samples of alfalfa seed stored in a 
cool dry place for two to twelve years. 


• Age in Original Present 

No. of samples. years. germination, germination. 

Per cent . Per cent. 

3. 10 and 12 94.5 47.0 

6... 9 92.0 54-2 

8 ,8 91 .1 63.9 

13 7 9* -3 69-6 

5 6 Not given 65.6 

5 4 95*7 78.8 

4 2 93.0 87.5 


Carefully conducted tests 3 showed a fairly proportionate decrease 
in germination with age (Table 2), which ranged from 87.5 percent 
for the 2-year old lots to 47.0 percent for the 10 and 12-year old 
seed. In conducting these tests, one lot of seed (not included in 
Table 2) showed a very rapid deterioration in germination from 
89 percent in 1919 to 32 percent in 1922. In three years this lot 
of alfalfa (Sample No. 597) decreased in germination more than 
thirty other samples stored under the same conditions from 7 to 12 
years. This wide discrepancy resulted in an examination of the 
records concerning lot No. 597, which revealed that the seed had 
been used by the state alfalfa growers 1 association for demonstra- 
tion purposes. It was harvested in Montana in the fall of 1917,, 
but was not scarified until early in the spring of 1919. Fortunately, 
a sample of this same lot of seed, taken before scarification for a 
germination test, was located — the original germination being $5 
percent with 10 percent hard seeds in addition. This unscarified 
seed was tested in April, 1922, and gave an immediate germination 
of 70 percent, a decided contrast with the same seed scarified three 
years previous, which only germinated 32 percent. 

This led to the assembling of all the sample lots of seed which 
were used by the state alfalfa growers’ association, of which 
scarified and unscarified portions and original germination tests were 
available. Four additional lots were found answering these require- 
ments, varying in age from two to three years. Two lots, Nos. 
729 and 567, three and four years old, respectively, had been scarified ; 
but the unscarified portions of this seed were not located and for 
r this reason, are not included in the tabular data. The samples were 

v * Special credit is due J. T. Omemik, graduate student, who made the 
viability tests. 
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all carefully tested with the rather surprising comparative results 
indicated in Table 3. 

Table 3. — Effect of scarification on the longevity of alfalfa seeds stored in a cool 

dry place. ‘ » 

Percent of germination. 


Original. Final. 








— s*.- 



Sample 


seed 

Seed 

Im- 

Hard 

Im- 

Hard 

no. 

Variety. 

in yrs. 

treatment. 1 

mediate. 

seeds, mediate. 

seeds. 

597 

Baltic . . . 

4i 

None 

85 


10 

70 

10 

597 

Baltic. . . 

*4i 

Scarified.. . 

89 


7 

32 

0 

654 

Grimm. . 

3 

Noi\e 

66 

3 


74 

4 

654 

Grimm. . 

3 

Scarified. . . 

82 

8 


29 

0 

655 

Grimm . . 

3 

None 

62 

3 


78 

4 

655 

Grimm. . 

3 

Scarified. . . 

79 

3 


3i 

1 

847 

Grimm . . 

3 

None 

70 


25 

81 

10 

847 

Grimm. . 

3 

Scarified. . . 

91 

3 


40 

0 

1005 

Grimm. . 

2 

None 

70 


22 

69 

H 

1005 

Grimm. . 

2 

Scarified. . . 

9 i 

s 


68 

4 

Average immediate germination of unscan- 






tied samples 



70.6% 


74-4% 

Average immediate germination of scarified 






samples. 




86.4% 


40.0% 


The scarified portions of the five lots of seed deteriorated rapidly 
in germination from an average of 86.4 percent at the time of 
scarification to 40.0 percent at the end of two and three years. The 
unscarified seed, on the other hand, gave an average increase in 
immediate germination, at the end of the same periods of time, of 3.8 
percent. This can be accounted for by the high percentages of 
hard seeds which the samples originally contained. It appears that 
hard seeds, which are practically always viable, gradually soften with 
Age, become permeable, and germinate readily. Comparing the 
original germination of the treated and untreated lots Nos. 654 and 
655, it is safe to say, that the unscarified portions each contained 
at least sixteen percent hard seeds at the time the test was made. 
At the end of three years only four percent hard seeds remained, 
even though these lots were not scarified. Likewise, with the 
remaining lots, there is a prominent reduction in the percentage of 
hard seeds with age, except in the case of the unscarified Baltic. 

' Two scarified lots of seed (previously mentioned), Nos. 729 and 
567 decreased in germination when three and four years old to 51 
percent and 27 percent from their original viability of 94 percent 
and 95 percent, respectively. 

1 ’ 1 Unless otherwise indicated* the seed was scarified within five months after 
harvest. , 

* Scarified when one and one-half years old, at which time original germination 
tests were made. 

* Percent hard seeds not recorded in original test. ' 
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These results are very pronounced, and while the number of 
samples tested in this experiment are not numerous, the data indi- 
cates quite clearly that scarification undoubtedly exposes alfalfa 
seed to factors' which cause a far more rapid decrease in germina- 
tion than normally obtains with the untreated seed. From a prac- 
tical. standpoint scarification is often essential for improvement of 
the immedite germination of some legume seeds, but where these 
seeds are to be stored for more than one year, as sometimes obtains 
in the seed industry and frequently in experimental work, the wis- 
dom of delaying this treatment until. a few months before seeding is 
quite evident. 

DETERMINATION OF THE SWELLING COEFFICIENT 
OF DRY SOILS WHEN WETTED . 1 

A. E. Vinson and C. N. Catlin. 2 

No method of determining accurately a physical constant for 
the swelling of dry soil when wetted, comparable to the hygro- 
scopic water content or to the moisture equivalent, was known to 
the writers when the method described in this paper was worked out. 
Tempany 3 has described a method of measuring the -shrinkage of 
soils on drying. From the data obtained by his method, he has 
estimated the amount of colloids present and judged soils as to their 
adaptability to certain crops. It seemed that the swelling property of 
soils might be correlated with other soil properties, if it could be 
determined with reasonable accuracy. Investigations made in our 
laboratory on a limited number of soil types indicate that the amount 
of swelling on wetting is a constant for any particular soil which is 
susceptible of as exact determination by a strictly empirical method 
as other physical soil constants. 

The purpose of this paper is to make available a new method 
rather than to present any results that have been obtained by its use. 
Study of a few soil types shows a certain correlation between the 
swelling constant and the mechanical analysis, the moisture equiva- 
lent, and the hygroscopic moisture content, although there seems to 
be no fixed ratio. This fact gives added value to the new constant. 
It will probably be of value in investigating the influence of various 
soiTtreatments, such as liming and fertilizing, cm the physical char- 

1 Contribution from the Department of Agricultural Chemistry, University Of 
Arizona, Tucson, Ariz. Received for publication June 19, J92& 

•Professor and Associate Professor, respectively. 

9 Tempany* H. A., shrinkage in soils. Jour. Agric. Sci. 8: 312. 1917, 
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acter of the soil, as well as a means of determining and recording 
accurately an important physical constant of soil in general. 4 The 
method may also be of service in investigating the expansion and 
contraction of road building material which contains silt and clay, 
and in studying the probable wet and dry volumes of consolidated 
river sediments. It is now being used in studymg the correlation of 
the rate of percolation through alkaline soils with the swelling coeffi- 
cient and the effect of chemical treatment on these properties ; but 
the results are not ready for publication. 

DETAILS OF THE METHOD 

Preparation of sample . — The sample is sifted through a 2 mm 
sieve as for mechanical analysis, and dried over sulphuric acid. Dry- 
ing at ioo° C. may possibly change the swelling coefficient of certain 
soils. 

Preparation of the soil disk . — Ten grams of the dried soil is 
placed in a cylindrical steel die having an opening about one inch 
in diameter, and is compressed under a hydraulic press at 30,000 
to 35,000 pounds. It is essential to distribute the soil evenly over 
the bottom of the die, because the disk will not be of even density 
if the soil is heaped up in the center or against the side.. The 
Buchner laboratory press is suitable for the purpose, and the pres- 
sure on this press should be held at 250 kilograms per square centi- 
meter, as indicated by the gauge, for ten minutes. The die is then 
placed on a hollow cylinder or ring having an opening larger than 
the disk, and the disk forced out on the press. All soils thus far 
investigated gave firm, water-free disks with the exception of pure 
sand, which crumbles. Disks of soils that are very high in organic 
matter, such as muck* tend to split on the edges when released from 
the die. This is especially apt to be the case after the dies have 
become chafed. Frequently several trials are necessary to get perfect 
disks with such soils. Some soils are elastic and expand slightly 
when pressed from the die, which makes it difficult to press them 
into place in the expansion cup. All soils begin swelling at once, 
due to absorption of moisture from the air, consequently, the swelling 
must be measured soon after the disks are made. Attempts were 
made to determine the coefficient of swelling in moist air, but no 
consistent results could be obtained. There was also a tendency for 
the outside of the disk to split off, or f or the disks to split in two. 

The disks are calipered at once with a millimeter screw micrometer 
reading to one one-hundredth millimeter. It is convenient to support 

4 The writers will gladly determine the swelling constant on a few samples of 
recognized soil types from other states if accompanied by full information. 
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the micrometer in a vise or with an ordinary burette clamp. A thin 
cover-glass is placed between the disk and the jaws of the micrometer 
on each side to give a better face. Soils of fine texture would not 
need this, but sandy soils tend to rub ofif. The thickness of the 
two cover glasses is measured and deducted from the micrometer 
reading. The disks* should be 5.5 to 6.25 mm in thickness. 

The dies must be made with care, best out of tool steel, bored and 
case hardened, then ground true. Soft steel chafes badly and even 
wears to such an extent that the disks soon are too large to fit nicely 
into the swelling cup. The plunger must fit very snugly into the 
die; 'Otherwise soil will work in between the plunger and the side 
of the die and stick the plunger. When the plunger is forced out, 
both die and plunger will be scored and practically ruined. This 
is especially likely to happen when pressures greater than those 
recommended are used. The die and swelling cups must be made 
to correspond, the cup being about one-sixty- fourth inch larger than 
the disk. Convenient dimensions for the die are four inches in 
height, with bore one inch in diameter. It may be difficult to grind 
the die exactly one inch in diameter, but a slight variation will make 
no appreciable difference in the swelling coefficient. The block should 
be large enough to give a firm bearing, at least three inches in 
diameter, and the plunger should be three-fourths to one inch longer 
than the die. 

Measuring the swelling . The dry soil disks, immediately after 
calipering, are dropped into the brass swelling cup and placed in 
a convenient vessel on the MacDougal auxograph. The apparatus 
used in our experiments is illustrated in the accompanying plate. 
Sufficient water is added quickly and the disk allowed to swell 
without further disturbance. Maximum swelling takes place usually 
in 30 to 40 minutes, but some soils continue to swell much longer. 
The maximum magnified swelling is read off from the sheet of milli- 
meter paper carried on the clock drum of the auxograph, then cal- 
culated to absolute swelling by the use of a suitable factor, depending 
on the length of the arm of the auxograph in use. The absolute 
swelling in mm of the disk in the vertical direction divided by its 
thickness gives the swelling coefficient. 

; The swelling cup should be about one inch deep on the inside, so 
that disks of soil having the greatest coefficient fill it about two-thirds 
full when maximum swelling is reached. The sides and bottom 
of the cup are one-eighth inch thick. The bottom is perf orated with 
large holes so that only a substantial support remains ; the sides are 
-perforated with a large number of one-sixteenth inch holes especially 
close together near the bottom of the cup. The bottom of the cup 




Plate i. Apparatus used for determination of swelling coefficient of soils ; 
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is covered with a close-fitting piece of circular, flattened brass gauze 
which supports the soil disk. A second similar brass gauze, which 
rests on the top of the soil disk, is carried on a fine glass rod attached 
to the arm of the auxograph. The pieces of flattened brass gauze 
are prepared by pressing circular disks of brass gauze in the die 
used 'for making the soil disks. Glass disks cannot be used, since 
they do not permit the escape of air bubbles, and, consequently, 
heave when the water comes in contact with the soil disk. The cup 
is mounted on three feet about one-quarter inch high, so as to allow 
ready access of water under the disk. 

The water vessel may be made by carefully leveling a glass plate 
in vsoftened paraffin in the bottom of a crystalizing dish. The bot- 
tom of the water vessel must be level as must also the firm support 
on which it rests. 

The adjustment of the brass gauze attached to the auxograph arm 
requires much care, or satisfactory checks will not be obtained. 
The water vessel with the swelling cup and soil disk is brought under 
the auxograph and so adjusted that the gauze disk bears firmly on 
the soil disk at all points. The disk is pressed firmly but lightly 
on the soil disk and the pen set at zero on the millimeter paper. 
A light weight is placed on the arm of the auxograph to pre- 
vent the gauze disk from floating before it becomes wet when the 
water is added. Distilled water is then poured quickly into the -water 
vessel almost to the top of the swelling cup and the weight removed 
instantly from the arm of the auxograph. Some soil will drop out 
through the perforations in the cup, but this does not affect the read- 
ings. The disk swells at first very rapidly, then slower and slower 
until the maximum swelling is reached, where it remains indefinitely 
if not disturbed. The wet, swollen disk will now be found in about 
the same condition as consolidated wet soil that has not been dis-’ 
turhed for a long time ; that is, it corresponds to a fully swollen 
colloid. Occasional erratic results may be attributed to jarring the 
apparatus, slipping of the chain links or other parts of the auxograph, 
failure to adjust properly the upper gauze disk on the soil disk, tnc 
water vessel and swelling cup not being level, or failure of air bubbles 
to escape freely through the gauze disk. Results varying much from 
the average should be discarded. 

The arm of the auxograph as designed by MacDougal gives a 
minimum magnification of ten. The variation in the swelling coeffi- 
cient of different soils is much too great to permit their determination 
on this instrument without varying the thickness of the disk. Since 
the method is entirely empirical, it would be undesirable to vary the 
thickness of the disk materially, and our investigations’ indicated 
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that consistent results could not be obtained on the same soil by the 
use of disks of varying thickness. Attempts to dilute strongly 
swelling soils with sand so as to give the same thickness of disk 
also proved unsatisfactory. It is therefore best to have an arm on 
the auxograph twice the usual length so as to reduce the magnifica- 
tion to five in the case of soils whose swelling coefficient would throw 
the pen below the drum if the i :io magnification were used. The 
ratio between the movement of the gauze disk on the auxograph arm 
and of the pen may be calculated from the length of the levers, or, 
better, may be measured directly by means of the millimeter paper 
for the pen and the cathetometer for the disk. 

The lever system of the auxograph is carefully balanced so thaj 
almost no pressure bears on the expanding soil disk. 

ACCURACY OF THE METHOD 

The ,f olio wing table gives a fair idea of the checks which may be 
obtained on the swelling of consecutive disks from the same dry 
sample of soil when the method is carried out carefully. 


Table i . — Showing checks on the swelling of consecutive disks and the average 

swelling constant . 


Kind of soil. . 
Calcareous gravelly 

loam 

Auxograph 

reading 

in 

milli- 

meters. 

34-5 

34-0 

33*5 

35*5 

33*5 

Magnifi- 

cation 

of 

swelling. 

Absolute 
swelling 
in mm 

Average 
thickness 
of dry 
disk 
in mm 

Swelling 

constant. 
























Average 

34*2 

1 : 10 

3*42 

5*7 

60 

Maricopa gravelly loam 

43° 
43*0 
43 0 
42.5 
43° 





























Average 

42.9 

1 : 10 

.4*29 

575 

74.6 

Silt and clay sediment 
from river. 

510 

51.5 

510 


















Average 

51 16 

l*-5 

10.233 

5-89 

174 

Muck. 

54*o 

54*o 

53*5 

53 0 

























Average. . . . . . . . ...... 

53 6* 

i:5 

IO.72 

5-9* 

181 , . 
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COMPARISON WITH OTHER CONSTANTS 
Table 2 shows the correlation between the mechanical analysis, 
the moisture equivalent as determined with the Briggs-McLean 
centrifuge, and the swelling coefficient. 

Table 2 — Comparison of swelling coefficient with other constants. 

U. of A. Maricopa Calcareous 


Mechanical analysis 


Rillito 

sandy 

gravelly 

gravelly 

Muck 

clay 

loam 

loam 

loam 

Fine gravel 



•4 

23 

3-6 

Coarse sand 

i .0 

1 .2 

1.7 

9.0 

16. 1 

Medium sand 

3-4 

7.6 

3-5 

8.9 

16.2 

Fine sand 

19.7 

6.2 

21 .9 

20.4 

18.8 

Very fine sand .... 

19.6 

7-5 

45-4 

39-7 

25-5 

Silt 

25.7 

21.5 

n. 3 

7.6 

10.6 

Clay 

30.3 

55 -i 

158 

9-7 

6.0 

Total 

997 

99 1 

100.0 

87.6 

96.8 

Loss on ignition 

9 7 i 

11 . 14 

12.76 

3 93 

3-54 

Moisture equivalent . . . 

33 0 

34-8 

8.0 

9-0 

7-2 

Swelling coefficient .... 

181 .4 

173-7 

675 

74.6 

60.0 


THE RATE OF SWELLING 

Different soils show marked differences in the rate of swelling, 
and chemical treatment modifies this rate enormously. A calcareous, 
silty clay, deposited from the overflow of the Gila River, after partial 
neutralization of the calcium carbonate with acetic acid then drying 
gave nearly the same swelling coefficient as the untreated soil ; but 
the treated soil required two hours to swell the same amount as 
shown by the untreated soil in five minutes. The study of the rate 
of swelling cannot be done advantageously with the clocks on the 
regular MacDougal auxograph, since these are set to give the drum 
one revolution in one or seven days. A clock giving one revolution 
of the drum in fifteen or twenty minutes will probably be found 
most suitable for the study of the rate of swelling. This phase of 
soil swelling has been little studied. 

THE TEACHING OF SOILS . 1 

Firman E. Bear. 2 

A knowledge of the principles of chemistry, physics, geology and 
biology is fundamental to the study of soils. In their application they 
constitute soil science. The student learns in the chemical laboratory 

1 Contribution from the Department of Agricultural Chemistry and Soils, 
Ohio State University, Columbus, Ohio. Received for publication September 

IQ, 1922. 

•Professor. 
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that acids and alkalies neutralize each other. In the application of 
this principle he finds that the nitric acid produced in the decom- 
position of organic matter in the soil has its natural neutralizing 
agent in limestone. Physical science teaches among other things, 
that if a glass tube is placed in a vertical position in a liquid there is 
usually an elevation but at times a depression of tfie liquid within the 
tube. In the application of this principle it is found that water tends 
to rise in the soil from lower levels to take the place of that lost by 
evaporation or transpiration from the surface. In the study of 
geology it is discovered that the original igneous rocks, through 
the action of weathering agents and of running water, go to form 
limestones, sandstones and shales. In the field the student learns that 
the soils resulting from the weathering and disintegration of these 
three types of rocks differ fundamentally in their natural productive 
capacity and the explanation soon becomes apparent. Among other 
things the biological laboratory offers opportunity for the study and 
classification of microscopic forms of plant life. The application of 
this in soils discloses the highly important fact that at least three 
species of micro-organisms are concerned with taking nitrogen from 
the air to be utilized by the growing crops and that without them the 
fields would soon be barren of vegetation. 

Soil science can be taught by the chemist as a part of the general 
course in chemistry or as a specialized course following it. The 
chemist is quite as likely, however, to have his chief interest in some 
other application of chemistry such as engineering, medicine, phar- 
macy, metallurgy or animal nutrition as in the soil. In arranging his 
laboratory exercises and in directing the line of thought of his 
students the instructor chooses his illustrations usually from the 
particular application of the science in which his own chief interest 
lies. Under the stimulating influence of a good teacher the student 
who may have originally intended to be a farmer finds himself more 
interested in perhaps medicine or metallurgy and his supplementary 
reading, study and ultimately his practice may be devoted to that 
application of the science of chemistry. 

The agricultural student is most fortunate, however, when his 
work in chemistry is under the direction of some professor who came 
from the farm and whose interest in agriculture has grown with 
increasing knowledge of the laws of chemistry. With such instruc- 
tion the student not only finds himself under competent guidance in 
tfie> study of chemistry as such but also feels an increasing interest 
in and respect for 1 the science as he sees the numerous poirits at 
which previously observed facts on the farm are clearly explained 
by the application of its principles, ^ 1 
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Of necessity all men were not born to be farmers. Many students 
of chemistry have their chief interest in some other line of endeavor. 
It is probably best that the instructor in charge of the course in gen- 
eral chemistry in a high school, college or university be rather widely 
informed as to the applications of chemistry and sympathetic with the 
variety of needs of his students. It is too much to ask of him that 
he give to each group of students that more specialized instruction 
which is possible when they are classified in groups according to their 
intended profession and the instructor is chosen because of his special 
interest in that field. 

In universities which include colleges of agriculture and in which 
the enrollment in that college is heavy, it should be possible to pro- 
vide instruction in chemistry fitted to the needs of the student by 
choosing the instructor on the basis of his sympathetic interest in 
the application of the science to agriculture. Such a man need be 
no less of a chemist but he might well afford to be more of an 
agriculturist. Such an arrangement does not argue for a depart- 
ment of agricultural chemistry but it does make it essential to have 
a department of chemistry interested in agriculture. In the absence 
of such interest the department of agricultural chemistry has had 
its origin, has continued to exist and appears still to be essential in 
most state universities. For a similar reason the Smith-Hughes 
departments have been introduced into the high schools. 

But soil science is more than chemical science. The soil is made 
up of particles of rock and its disintegration products, of living 
organisms and their remains and contains in its interstices varying 
amounts of water and air. The productivity of a soil is not deter- 
mined entirely by its chemical content but also by its physical make-up 
and the activities of the biological agencies which find their home in 
it. The limiting soil factor in crop production may be a deficiency 
or an excess, of water, oxygen or carbon dioxide as well as of the 
elements derived from the soil minerals. The extent to which the 
requirements of the crop can be satisfied is determined by the ability 
of the farmer to control the physical and biological factors quite as 
often as the chemical factors although they are all three intimately 
related. At any given time the primary cause of failure may not be 
known. If alfalfa fails to grow it may be because it is not inoculated, 
because the soil is too wet, because it is deficient in phosphorus or 
perhaps for the reason that the soil solution is too acid in reaction. 

When soil is transferred to the laboratory it undergoes changes' 
which alter its productive capacity. There is of necessity a field 
science of soils which has to do with the study of the soil as it exists 
and its classification as determined by the agencies which have had 
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to do with its formation, location and subsequent continued altera- 
tion. Fundamental to the study of this phase of soil science is the 
understanding of geological and climatological principles coupled 
with those of chemistry, physics and biology. 

The man who presumes to teach the science of soils is, therefore, 
not a chemist or a biologist, a physicist or a geologist but he must 
know as much of the sciences represented by these specialists as has 
any significant bearing on his subject In the absence of adequate 
training on his part or of his students in these sciences the teacher 
of soils struggles between teaching the art and the science of manag- 
ing the soil. The art of agriculture is probably best taught on the 
farm. The real opportunity for agricultural teaching lies in the 
science of agriculture and in the capacity of the instructor to lead 
the student to see the application of science to his problem. 

It is undoubtedly true that there is need that the art of agriculture 
be understood and that the student be trained in it.. To milk a cow 
or to plow a furrow is not particularly difficult and yet one must 
know how. It is also true that the boy from the farm knows the 
art of agriculture largely only as it has been practiced on that 
particular farm. There is, therefore, the necessity for some one to 
gather together and present as a whole the various pieces of the 
agricultural art. That is what is supposed to be accomplished in 
the trade school where the student learns how to do the things which 
apply to his particular intended trade. The to-be farmer must learn 
how to lay a tile, to inoculate the alfalfa, to apply limestone or to 
calculate when he is getting his money’s worth in fertilizer. These 
can be learned on the farms in almost every community although 
they may not be always gotten on any one farm. 

Perhaps it is the function of the Smith-Hughes teacher ift the 
high school or of the instructor in the agricultural college to teach 
the art of agriculture or of soil management to the end that the 
boy who takes the course may return to the farm prepared as he 
might have been in a trade school or perhaps somewhat more slowly 
even by continuing on the farm under the more or less competent 
supervision of his father. Or perhaps it is the privilege of the teacher 
of agricultural subjects to take advantage of the interest which the 
boy has in the art of agriculture to pave the way for a greater interest 
in the sciences which underlie the art. 

In the study of soils in secondary schools it is essential to remem- 
ber that the boy may already have in mind that he will later study 
in an agricultural college or that being stimulated by the invest 
aroused in the study of agriculture in the high school he may sub- 
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sequently so decide. In any event the study of soils leaves less time 
for a study of history, literature, mathematics, general science, 
language and other highly desirable subjects. If the student devotes 
his time at an early age to the study of the art or if the application 
of science rather than to the science itself, and in so doing neglects 
the other studies which are designed to enable him to interpret the 
past and anticipate the future progress of mankind he may be making 
a grave mistake. Similarly in college or university the student may 
decide to be a teacher or may become engaged in scientific research 
and may never return to the farm. No matter in what branch of 
agricultural work he may ultimately be engaged, he is best prepared 
for it when the instruction leads in the direction of understanding 
the basic principles with applications selected by the instructor from 
good practice in such a way as to insure the continued interest of the 
student. 

Every “ how ” of soil management has a “ why ” back of it. Take 
for example the ordinary operation of plowing. When should a 
sandy soil be plowed? Why? What kind of a moldboard would 
be best on the plow to be used on a sandy soil? Why? If plowing 
a sandy soil with a steep moldboard when the soil is wet will improve 
its physical properties, there must be some general principle involved 
which would have some bearing on the plowing of any soil. What 
governs the working qualities of a soil ? 

Gradually the efficient instructor pushes the discussion in the 
direction in which there will be an unanswered why, first in the 
mind of the student, next in the mind of the instructor and finally 
in the mind of even the most advanced investigator. The student 
must somehow come to know that real progress in his education comes 
not from the knowing of isolated facts, but from a knowledge of 
principles which may have a great variety of applications in addition 
to those U9ed as illustrations in the laboratory, field or classroom. 
The more fundamental these principles and the farther in the direc- 
tion of the ultimate answers they reach, the more numerous will be 
their applications in practice to the man who understands them 
thoroughly. 

The student of soils, particularly in the high school, but also in 
the university, must somehow be inoculated with the germ of dis- 
satisfaction in the knowledge of practical facts alone which leads 
him on to desire to know what the study of physics, chemistry, 
geology and biology may have to offer in explanation of these facts. 
Admittedly, the successful farmer must practice farming and he 
may succeed financially without ever having seen the inside of a 
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book on science. He may manage the soil to the end that large yields 
of crops are produced without his having looked through a micro- 
scope or having worked with a chemical balance. If the high school 
or the college is to do anything more for his son than could be done 
for him in practicing agriculture on his father's farm, then it must 
get back of merely useful facts to the principles involved. What 
and why is the soil ? 

STUDIES ON THE EFFECT OF NITROGEN APPLIED 
TO OATS AT DIFFERENT PERIODS OF GROWTH . 1 

W. F. Gericke . 2 

Is the stage of growth of plants, or their age, when nutrients 
are applied a factor that affects the quantity and quality of 
product obtained from a given unit application of nutrient? To 
secure data on this subject was the purpose of series of experi- 
ments with a number of agronomic plants (cereals and non- 
cereals) carried out in pot cultures under greenhouse conditions. 
Results from experiments with oats where nitrogen was sup- 
plied and made available to the plant at different periods of 
growth is the subject matter of this paper. 

It was cpnceived to be probable, that if the different growth 
phases, or ages, of the plants when nitrogen is applied plays an 
important role in determining the magnitude of growth obtained 
from the treatment, that the differences would be greater if the 
tests were carried out with a soil that was deficient in nitrogen 
rather than one not lacking in this constituent. A very satis- 
factory soil was found in one known locally as Oakley sand. 
It was not only low in nitrogen, but had proved itself by many 
tests to be a soil that responded very quickly in increased crop 
production upon receiving even a moderate amount of either 
nitrate of soda or ammonium sulfate. The optimum water con- 
tents for plant growth in this soil was equal to approximately 
18 percent of its dry weight. The containers used for the tests 
were glazed stone jars of cylindrical shape, of one-gallon 
capacity. t The jars were filled to hold 5.5 kilograms of soil. 
The soil was seeded with a select strain of Texas Red oats. 
When the seedlings were about two inches high, they were 
thinned out to seven plants per jar. 

* Contribution from the Department of Plant Nutrition, Agricultural Ekperi- 
trient Station, Berkeley, California. Received for publication, May 15, 1922* 

* Assistant Professor of Soil Chemistry. 
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All of the essential features pertaining to the technique of the 
investigation can be briefly stated as follows : The experiment 
was one in which the same kind of oats was planted at the same 
time, in the same kind of soil and subjected to the same climatic 
and cultural conditions. Each culture received the same kind 
of nutrient and the same amount of nutrient, but the nutrient 
was applied at different times in the growing period of the 
plants. That is, the plants were of different ages when they 
received nitrogen. 

Two sets of tests were conducted, one using NaNO ;i and the 
other (NH 4 ) 2 S 0 4 , as the source of nitrogen. All treatments were 
carried out in triplicate. The amount of nitrogen added per cul- 
ture was at the rate of 82 pounds per acre on weight basis of 
2,000,000 pounds of soil per acre. This was equal to no pounds 
per acre, calculated on basis of area. The application of nitrogen 
was 250 mg. per culture and was applied in solution at one time. 

The data obtained from the investigation are given in tables 
I to 4, inclusive, of this paper: 

Table 1. — Effect of nitrogen applied to oats at different periods of growth on time 
of maturation of the plants. 

(Average of three cultures per set.) 

Date Date of harvest. 

nitrogen Description of plants * — - 

No. of Date of was when nitrogen was NaNO* (NHOiSOt 


sets. 

planting. 

applied. applied. 

series. 

series. 

1 

u/ 6/19 

11/ 6/19 

5/20/20 

5/20/20 

2 

11/ 6/19 

11/25/19 10-15 cm. high, 3-4 leaves, 
color of flag normal. 

5/20/20 

5/20/20 

3 

n/ 6/19 

1 2/ 8/19 1 5-20 cm. high, 4-5 leaves, 
slightly pale as com- 
pared "to set No. 1. 

5/20/20 

5/20/20 

4. .... 

n/ 6/19 

12/23/19 25-35 cm. high, 5-6 leaves, 
noticeably paler than 
set No. 1. 

5/28/20 

5/20/20 

5 

u/ 6/19 

1 / 13/20 30-40 cm. high, 5-6 leaves, 

, pale green as compared 

to No. 1. 

5/28/20 

5/28/20 

6 ...... 

m/ 6/19 

2/ 3/20 35-40 cm. high, 6-7 leaves, 
very pale green as com- 
pared to No. 1. 

6/ 3/20 

6/ 3/20 

7. 

11/ 6/19 

3/2/20 40-60 cm. high, 6-7 leaves, 
pale green, tips of lower 
leaves dead. 

6/10/20 

6/10/20 

Check.. 

11/ 6/19 


6/10/20 

6/10/20 


Table 1 contains a brief description of the plants when nitro- 
gen was applied and the dates when the plants were harvested. 
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The first application was rtot made to any growing plants, but to 
the vSoil and the seed. Nineteen days after planting when the 
visible seedlings were approximately twelve days old, nitrogen as 
NaNO a and as (NH 4 ) 2 S 0 4 was applied respectively to two sets 
of three cultures each. At this time it was not evident that any 
of the cultures were retarded in growth because of an insufficient 
supply of nitrogen. However, with all subsequent treatments, 
beginning with that made 33 days after planting, all untreated 
cultures were less vigorous and luxuriant than were those cul- 
tures which had already received nitrogen. The vigor and 
luxuriance of the untreated plants, as compared to those that 
had received nitrogen, became progressively less as they grew 
older. 

It soon became evident that as a result of the treatments the 
different cultures in a series were at any given time (beginning 
six weeks after the experiments were started) in different phases ot 
growth, although all were planted at the same time. The first 
plants to come to maturity were those of sets 1, 2 and 3 of the 
NaN 0 3 treatment, and sets I, 2, 3 and 4 of the (NH 4 ) 2 S 0 4 , treat- 
ment. All subsequent applications of nitrogen to the cultures 
delayed maturity, when the plants are considered as a whole. 
But, if only the length of the growing period of the head-bearing 
stalks of the plants be considered, then the later the nitrogen 
was applied, the shorter was the growing period of the head- 
bearing stalks. This is explained by the fact that tillering 
started in all cultures after nitrogen was applied; and the later 
the tillers started, the shorter was their period of growth. The 
plants which matured last were those of the untreated cultures. 

It appears from the results thus obtained, that under certain 
conditions when the rate at which nitrogen becomes available 
to oats is of such low order as not to permit of fairly good aerial 
growth of the plants, the life of a plant is thereby prolonged. 
Perhaps this is due to the slowing up of metabolic processes. 
This can arise from an insufficiency within fhe plant at certain 
times of the proper elements that are needed for the synthesis of 
plant products. While this condition may hold at times, under 
other conditions, as, for example, when the supply of nitrogen is 
deficient and air conditions make for excessive transpiration, 
the life of cereal plants may be shortened by the inadequate 
supply of a given nutrient. 

Table 2 shows the effect of the treatments on the number of 
stalks produced and height of which they grew. As seven plants 
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Table 2. — Effect of nitrogen applied to oats at different periods of growth on number 
of stalks produced and height of stalks. 

(Average of three cultures per set.) 

Days NaNOs series. (NH 4 )2S0 4 series, 

after * * * . 


No. , 
of 

planting 

N 

was 

No. of 

Direction 
of maximum 
deviation 

Height 

of 

stalks 

No. of 

Direction 
of maximum 
deviation 

Height 

of 

stalks 

set. 

applied. 

stalks. 

from mean. 

cm. 

stalks. 

from mean. 

cm. 

1 


8.5 

-f 1 .5 

165 

12 

=fc 0 

158 

2 

19 

11 -3 

+.7 

164 

13 

dbl.O 

159 

3 

33 

133 

—1.3 

166 

157 

—I.4 

153 

4 

48 

16.7 

— -7 

154 

19.7 

+2.3 

153 

5 

69 

16.7 

— -7 

149 

20.3 

+ •7 

148 

6 

90 

22 .0 

±2.0 

119 

23.0 

dt.o 

119 

7 

118 

21.7 

— 1.7 

97 

22.3 

+ 2.7 

104 

Check. 


7 7 

— -7 

9 i 

73 

+ •7 

9 i 


were allowed to grow in each jar, it is apparent that very little 
tillering occurred on the plants of the untreated cultures. The 
cultures that received NaNO a at the time of planting produced 
a small, but nevertheless, significant increase in number of 
stalks over those of untreated plants; and the cultures that 
received nitrogen as ( t NH 4 ) a S 0 4 produced decidedly more stalks 
than did the untreated cultures. All subsequent applications of 
nitrogen applied to different sets of progressingly older cultures up 
to and including those of set 6, resulted in a marked and apparently 
progressive increase of tillers. The exception to this continuity of 
progress is that of set 5 in the NaNO y series. Apparently the num- 
ber of stalks in sets 6 and 7 is approximately of the same order of 
value and the maximum increase produced by varying the time in 
the growing period of oats when nitrogen was supplied was within 
that range delimited by these two sets. 

The data further show that the application of nitrogen to 
these oat cultures at different periods of growth of the plants had 
a marked effect upon the height of the stalks. The tallest plants 
were produced in sets 1, 2 and 3 of the NaNO y series. The cor- 
responding sets of the (NH 4 ) 2 S 0 4 series were shorter. Begin- 
ning with set 4 of the NaNOt, series and set 5 of the (NH 4 ) 2 S 0 4 
series, nitrogen applied to progressingly older plants produced 
correspondingly shorter stalks. The plants with shortest stalks 
were those of the untreated cultures. 

If the height of stalks be multiplied by the number of stalks 
obtained for the different sets, an expression of response is 
obtained which is of a different order than that of either of the 
two factors. The progressive increase in number of stalks 
per culture produced by the treatment is eventually accompanied 
by a decrease in the height of stalks. That is, the direction for 
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the maximum attainment of either one of the two kinds of 
growth responses due to the same kind of treatment opposed 
the other. If ^ curve be plotted for total elongation of the cul- 
tures per set due to treatment, it will be found to compare fairly 
well to that of one plotted for the total dry weight of the cul- 
tures of the series. 

The data showed that rather extensive tillering, induced rela- 
tively late in the growing period of oats, results in plants with 
short stalks. Two different factors may be conceived to account, 
for the results: (i) the effect due to crowding and competition 
arising from excessive tillering may decrease height of stalks 
for number of stalks ; or (2) since increasing number of tillers 
arose from applications of nitrogen made to increasingly older 
plants, and since the total length of the growing period of oat 
plants is probably determined by genetic factors, it may be that 
the later the tillers arise, the less time they have to grow and 
attain height. 

Table 3. — Effect of nitrogen applied to oats at different periods of growth on dry 

matter production . 

(Average of three cultures per set.) 

NaN03 scries. (NHdaSOi series. 



Days 

after 

planting 

Weight 

Direc- 
tion of 
maxi- 
mum 
devi- 

Weight 

of 

total 

Direc- 
tion of 
maxi- 
mum 
devi- 

Weight 

of 

Direc- 
tion gf 
maxi- 
mum 
devi- 

Weight 

of 

total 

Direc- 
tion of 
maxi- 
mum 
devi- 


N 

of 

ation 

dry 

ation 

ation 

dry 

ation 

No. of 

was 

gr*nn 

from 

matter 

from 

grain 

from 

matter 

from 

set. 

applied. 

gm. 

mean. 

gm. 

mean. 

gm. 

mean 

gm 

mean. 

1 


13 . 1 

4* 2-7 

437 

+ 10,3 

15. 1 

— .8 

59-2 

66.5 

*43-6 

2 

19 

14 - 3 

+ .4 

64.1 

— 7.4 

18.6 

— 1.8 

4*5-4 

3 

33 

13.6 

+ 1-4 

753 

+ 1.0 

16. 2 

+1.7 

67.6 

4-38 

4 

48 

20.3 

+ .6 

76.6 

+94 

21.6 

— 1 . 6 

913 

— 12.0 

s. . . 

69 

20.6 

+ 3-9 

75 9 

+ 4-5 

20. 1 

— 1 .5 

719 

4-12.3 

6 

90 

35.7 

—3.7 

74-7 

77 

22 2 

+ 2.3 

61 .6 

4*6.4 

Check. 

u8 

13.2 

+ .2 

35-9 

.+ •7 

15-9 

— 2.9 

3». 8 

— 6.2 

T1TT 1 "S 

2.6 


TO. 1 

+ 1-7 

2.6 

4*i 0 

10. 1 

+ 1.7 


Table 3 shows, first, that the production of grain and straw in 
the check or untreated cultures was very small as compared to 
that obtained from the cultures that received either NaNO s or 
(NH 4 ) 2 S 0 4 ; and second, that there was a decided increase in 
grain, straw and total dry weight in the cultures that received 
NaNO ;t and (NH 4 ) 2 S 0 4 at the time of planting. The production 
of grain, straw and total dry matter, however, was larger in the 
case of (NH 4 ) 2 S 0 4 than with that of NaN 0 8 . As the same 
amount of nitrogen was added in each Case, it appears that these 
differences in yield must be due to differences in the physiologi- 
cal properties of the two salts. Also, there was, for the major 
portion of the period of treatment, correlated increase in yield 
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of grain, straw and total dry matter with each treatment applied 
to progressively older plants. That is, up to a certain age of 
the plants, the longer after planting before nitrogen was applied, 
the greater was the yield of straw and grain. The maximum 
yield, however, *did not occur from the same corresponding sets 
of applications for the different salts. In the case of NaNO s , 
the maximum yield of grain came from set 6 where nitrogen was 
applied ninety days after planting. In the case of straw, the 
maximum yield was obtained from set 3, that is, when nitrogen 
was applied forty-eight days after planting. As to the high point 
of total yield, the data are not definite for the NaNO* series. 
The yields of sets 3, 4, 5 and 6, arc higher than those of the 
others, and are of approximately equal value. The maximum 
yield of grain from the (NH 4 ) 2 S 0 4 series, according to the data, 
was that of set 6, but in view of the value obtained from set 4, 
it appears that it would be better to state that the range of 
maximum values lies between set 4 and set 6. As to straw and 
total dry matter production, set 4 clearly gave the largest yields 
for the (NH 4 ) 2 S0 4 treatments. Finally a decided decrease in 
yield of grain, straw and total dry matter from that of the 
maximum yield, resulted when nitrogen was applied as 
late as one hundred and eighteen days (set 7) after planting. 
In the case of NaNCX, the yield of set 7 represents approximately 
a decrease of one-half of the maximum obtained when nitrogen 
was applied to cultures twenty-eight days before. The maximum 
yield of total dry matter for the treatment of (NH 4 ) 2 S() 4 came with 
set 4, and this was followed by decreases in yield of total dry matter 
(due to a decrease in yield of straw) with each of the progressingly 
later applications of (NH 4 ) 2 S 0 4 . The yield of grain of set 7 was 
approximately forty percent less than that of set 6. 


Table 4.— Effect of nitrogen applied to oats at different periods of growth on 

protein content of grain, 

(Average of three cultures per set.) 

Days Percent protein (air-dry basis) 


No. of set. 

1 

after 

planting 

N 

was 

applied. 

NaNO s 

series 

7-5 

8.0 

2. .. 

19 

3- 

33 

8.6 

4-- 

48 

96 

5...... 

6 g 

to . 8 

6. 

go 

12.3 

7 . .. .-v 

1 18 

17. 1 


Direction 


Direction 

of maximum 


of maximum 

deviation 

(NH 4 ) 2 S 0 4 

deviation 

from mean. 

series 

from mean. 

-f .06 

6.8 

'+.15 

+ .30 

75 

+ .76 

— .60 

73 

— .21 

+ .40 . 

9-6 

+,55 

— .92 

10.5 

— .04 

+ .48 

12. 1 

+ .20 

*—1.30 

13 9 

+ .60 
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Table 4 gives the percent of protein in the grain. It shows 
that the ages of the oat plants when nitrogen was applied 
markedly affected the protein content of the grain produced. 
The lowest percent of protein was obtained from the cultures 
that received nitrogen at the time of planting and the highest 
percent was obtained from the plants that received the latest 
treatment. The intervening treatments showed corresponding 
differences in percent of protein of the grain. That is, the older 
the plants were when nitrogen was applied, the higher the per- 
centage of protein in the grain. The percent protein of the grain 


Table 5. — Comparison of data of table 4, (NaNOz series ), with that obtained by 
calculation , using compound interest law of nine percent increase , 
compounded every fortnight. 


No. of set 


Interval 
between 
appli- 
cations of 
NaNO s 
(days) 


Calculated 
Percent interval 

protein (days) 


Percent 

protein 


1. 

2 

3 

4 

5 

6 

7 



7-5 


75 

19 

8.0 

*19 

8.0 

13 

8.6 

14 

8.7 

15 

9.6 

14 

9-5 


10.8 

14 

10.4 

21 

. . * 




14 

11 . 3 

21 

12.3 

14 

12.3 

28 


14 

133 

17. 1 

14 

* 145 


* Includes germination period; 6-7 days required for seedlings to appear above 
ground, hence obtained value was used. 


Table 6 . — Comparison of data of table 4 (NH^SOi series ) with that obtained by 
calculation using compound interest law of ten percent increase , com- 
pounded every fortnight. 

Interval 
between 
appli- 
cation^ of Calculated 

(NH 4 ) 2 S 0 4 Percent interval Percent 


No. of set. (days). protein. (days). protein. 

I. 6.8 6.8 

2 . 19 7 5 *19 ' 7-5 

3 13 7 3 14 S-3 

4 15 9-.* 14 9-1 

14 XrO.O 

5-* 21 10.5 

14 no 

6 21 12. 1 14 12. 1 

14 133 

7--V 28 13.9 14 14.6 


* Includes germination period; 6-7 days required for seedlings to appear above 
ground, hence obtained value was used. 
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of set 7 was 128 percent greater than that of set 1 in the NaNO s 
series, and 104 percent greater than that of (NH 4 ) 2 S 0 4 treatment 
for the corresponding sets. 

The data of Tables 5 and 6 show that the increase in percent pro- 
tein of the oats from the treatments follows fairly well the 
compound interest law of nine percent increase in protein content, 
compounded every fortnight for four months for the NaNO s 
series. For the (NH 4 ) 2 S 0 4 series, it is approximately 10 percent 
compounded every fourteen days. If, instead of compounding 
the increases obtained by the treatments every two weeks, it 
be compounded continuously, it is found that the data lend 
themselves to be expressed by the law of organic growth. 

An inspection of Tables 2, 3 and 4 shows clearly that the 
variable factor employed in this investigation, namely, the dif- 
ferences in the ages of the oat plants when nitrogen was 
applied, produced correlated differences of growth responses. 
It appears, therefore, that the relative physiological status of oat 
plants expressed by differences in age and grown under the 
conditions described, is an imoortant factor that affects the 
quantity and quality of product obtainable from a given unit 
application of nitrogen. Furthermore, it appears that this factor 
can be mathematically expressed and evaluated. 

Reference has already been made to the differences obtained 
in results from equal applications of nitrogen, supplied as dif- 
ferent salts, to oats. Analogous differences in yield of product 
from two different salts were also obtained in similar experi- 
ments with spring wheat, winter wheat, rye and barley. These 
marked and consistent differences in the magnitude of response 
obtained from equal applications of nitrogen, one supplied as 
NaNO d , the other as (NH 4 ) 2 S 0 4 , indicates that the cause must 
be due to differences in the physiological properties of the salts. 
One of these appears to be in the fact that some time is required 
for (NH 4 ) 2 S 0 4 to nitrify and become available as nitrate. An 
application of nitrogen as (NH 4 ) 2 S 0 4 should, therefore, accord- 
ing to the findings of these experiments, be expected to produce 
larger yields when applied at the time of planting than an equal 
amount of nitrogen applied as NaNO s , because it becomes avail- 
able as nitrate when the plants are of an age when this nutrient 
can be more efficiently used. 

The results of the experiment appear to show that the age of 
the plants, grown under the condition described, is a very import- 
ant factor in the measure of response that may be obtained from 
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a given unit application of nitrogen. Results obtained from 
similar kinds of experiments with other cereals confirm the 
above conclusions. 

It appears desirable, however, to emphasize the fact that the 
results obtained from the differential treatments described are 
unusually large. Had a soil been used that was not so markedly 
deficient in nitrogen as the one used in these experiments, ‘the 
results from so few tests would probably not have been so 
conclusive. * 

DISAPPEARANCE OF NITRATES FROM SOIL UNDER 

TIMOTHY . 1 

James A. Bizzell. 2 

An examination of the literature reveals an increasingly large 
amount of attention to the study of crops in their relation to the 
production of nitrates in soils. The bulk of this work seems tft 
be concerned with the use of green manures and cover crops, 
and the relative rapidity with which plant materials or residues 
decompose in the soil with the formation of nitrates. Consider- 
ably less attention has been given to the production and disap- 
pearance of nitrates in the soil during the growth of the crop. 
Growing crops constantly remove nitrates from the soil and since 
plants of different species differ so much in their requirements 
for nitrogen the comparative effects of crops on nitrate produc- 
tion are somewhat difficult to determine. The accumulated data 
on this subject have now reached a fairly large volume and while 
the results are not always easy to interpret they contribute 
valuable information which is highly suggestive. 

The difference between certain species of plants in their rela- 
tion to the nitrate content of soil has been discussed at length in 
a previous publication of the Cornell Agricultural Experiment 
Station (i).* To summarize briefly — the nitrate content of soil 
under timothy, corn, potatoes oats, millet and .soy beans was 
different for each crop when on the same sail. During the most 
active growing period of the corn crop nitrates were frequently 
higher under the corn than in cultivated soil bearing no crop. 
Under a mixture of corn and millet, the nitrates at this period 

' 1 Paper, read at the meeting of the New Orleans meeting of the Society. 
Received for publication October 18, 1922. ... 

' * Professor of Soil Technology, Cornell University, Ithaca, New York.' 

• Reference by number is to u Literature cited ” p. 326. 



BIZZELL ; DISAPPEARANCE OF NITRATES UNDER TIMOTHY 321 

✓ 

were higher than under millet alone although the total crop 
yields were about the same on both plats. Under corn and oats, 
the nitrate content was higher during the period when the crop 
was making its greatest draft on soil nitrogen than in later 
stages of growth in spite of the fact that the nitrates in the 
uncropped soil were increasing while those in the cropped soil 
were disappearing. Under these crops and under millet, nitrates 
failed to increase late in the season when nitrogen absorption 
had practically ceased although uncropped soil showed a very 
large increase in nitrates at that time. The authors suggested 
that the source of the great differences in the nitrates under the 
crops mentioned might be due to the inherent differences 
between plants of different species in their stimulating or inhibit- 
ing influence on the production of nitrates, — that during their 
later period of growth the plants exerted a depressing influence 
on nitrate formation. Timothy always maintained a lower 
nitrate content of the soil than did any other crop. A mixture 
of timothy, Kentucky blue grass and redtop gave similar results. 
These facts indicated a strongly repressive influence of these 
plants and suggested a possible cause for the injurious effect 
of grass sod in orchards on soil in which the supply of avail- 
able nitrogen is deficient. Since the appearance of the publica- 
tion cited, results have been obtained which show without excep- 
tion that timothy and the grasses mentioned maintain a compara- 
tively low nitrate content of the soil, in spite of the fact that 
grass crops require less nitrogen for growth than do any of the 
other crops studied. Further emphasis is given to this character- 
istic effect of grasses by results recorded in Memoir 12 of the 
Cornell Agricultural Experiment Station (2) to the effect that 
the drainage losses of nitrates from soil under grass have been 
smaller than from soil under any other crop. These facts have 
led us to make further inquiry into the relation of timothy to the 
soil nitrates, some of the results of which are reported in the 
present paper. Warrington (3) reported that the amount of 
nitrate nitrogen in the drainage water from the Broadbalk field, 
Rothamsted, was considerably less than was expected from the 
manure supplied and the crop reaped. He was of the opinion 
that the soil had lost nitrogen by denitrification and that the dis- 
crepancy was due to this cause. His result was not wholly 
experimental as it involved certain assumptions for which no 
direct evidence could be obtained. The results submitted in the 
present paper are likewise not entirely experimental, but the evi- 
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dence appears to be much more direct than that reported by 
Warrington, and since they point rather strikingly to certain 
modifications of the soil nitrogen it seems desirable to present 
them for discussion at the present time. 

EXPERIMENTAL WORK. 

The experiment was designed primarily to ascertain the effect 
of a nitrate fertilizer on the growth of apple trees in timothy 
sod. The soil used in this work' is classified as Dunkirk clay 
loam, a rather heavy compact soil containing practically no 
material which does not pass the 2 mm. sieve. The nitrogen 
content in the surface foot is approximately 4,000 pounds per 
acre. Under favorable conditions of cultivation moisture and 
temperature, nitrification proceeds rather rapidly, but in its 
natural compact condition it does not seem to offer a very favor- 
able medium. In the spring of 1917, one-year-old Macintosh 
apple trees were set on 1/100-acre plots, using twenty trees per 
plot. All plots received annual applications of 450 pounds of 
acid phosphate and 240 pounds muriate of potash per acre. The 
first applications wenp made, in the fall of 1917. Subsequent 
applications were made in the spring of each of the years 1919, 

1920, 1921. Applications of nitrate of soda were made to certain 
of the plots in the spring of each of the years 1918, 1919, 1920, 

1921. One set of four plots received no nitrate, while each of 
three other sets received respectively 100, 300 and 900 pounds 
per acre of nitrate of soda. The replicates of any particular 
treatment were distributed as much as possible to correct for 
lack of uniformity of the land. Timothy was seeded with rye 
in the fall of 1917 and the rye was mowed early in the spring of 
1918. In the summer of each of the years 1918, 1919 and 1920 
the timothy was cut and the hay left on the land. Determina- 
tions of nitrates were made each summer on the dates indicated 
in the accompanying tables. Samples of soil were taken by mak- 
ing nine borings on each plot to a depth of eight inches and a 
composite sample made from the portions so obtained. Nitrates 
were determined by the phenoldi-sulfonic acid method as 
described by Schreiner and Failyer (4). Moisture determina- 
tions were also made on these samples and the figures for 
nitrates calculated to the dry soil basis. The values for nitrates 
are expressed in terms of nitrogen pounds per acre^eight- 
inches using 2,500,000 pounds as representing the weight of the 
acre-eight-inches. The results are given in Tables x, 2 and 3, 
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Table i Nitrate nitrogen , pounds per acre t applied and found during 1918. 



Nitrate 

Nitrate 


nitrogen 

nitrogen 


applied 

found 

Plot numbers. 

May 9. 

Sept. 4. 

1001, 1008, 1104, 1112 

_ . None 

3-39 

3-50 

1002, 1010, 1106, 1 1 14 

15-5 

1004, 1012, 1101, 1108 

1006, 1014, 1102, II 10 

46.5 

2.99 

139-5 

11.36 


Table 2. — Nitrate nitrogen , pounds per acre f applied and found during 1919. 


Nitrate Nitrate 

nitrogen nitrogen Nitrate nitrogen found. 

in soil applied * 

Plot numbers. April 21. April 22. July 8. Aug. 15. Oct. n. 

1001,1008,1104,1112 2.63 None 2.98 6.19 3.37 

1002,1010,1106,1114 3.54 15.5 3.09 5.12 3.12 

1004,1012,1101,1108 3.79 46.5 3 39 5-20 316 

1006,1014,1102,1110 3.47 1395 1138 1404 9.98 


Table 3. — Nitrate nitrogen , pounds per acre t applied and found during 1920. 


Plot — numbers. 
1001, 1008, 1104, 1112 
loos, ioio, iioo, 1114 
1004, 1012, nox, 1108 
1006, 1014, 1102, 1110. 


Nitrate Nitrate Nitrate nitrogen found. 

nitrogen nitrogen * 

in soil applied 

April 13. April 26. N ay 18. June 11. June 29 . July 15. Oct. 28 


3 - IS 

None 

2.30 

1-99 

2.71 

2.16 

None 

4 52 

15-5 

3.12 

1-99 

3.39 

2.40 

Trace 

6.30 

46.5 

5.15 

1.64 

3-84 

6.31 

None 

4-77 

139-5 

47-90 

25.40 

16. 9& 

11.6S 

5-27 


The most striking effect shown by these figures is the rapid 
disappearance of the applied nitrate. Since the period during 
which this occurs coincides approximately with the period of 
most rapid growth of the timothy, it becomes of interest to 
know whether the assimilation of nitrogen by the crop is respon- 
sible for the removal of the nitrate. In order to obtain some 
evidence on this point, the apple trees were removed from the 
plots early in the spring of 1921. The fertilizers were applied 
to the timothy on April 25 after samples of soil were taken for 
the determination of nitrate nitrogen. On July 12 the timothy 
was cut, weighed and analyzed and samples of soil again taken 
for nitrate determination. The results are given in Table 4. 

Table 4. — Nitrogen , pounds per acre , applied and found during 1921. 

Nitrate nitrogen in soil 

Nitrate nitrogen April 25. and in crop July 12. 


* Plot numbers. In soil. Applied. Total. In soil. In crop. Total. 

1098.1104.1112.. 0.50 None 0.50 2.77 17.12 19.89 

1010,1106,1114 .... 1.24 15.5 16.74 2.37 20.90 23.27 

1004.1012.1108.. ., 68 46.5 47.18 3.33 34.59 37.92 

1006,1014,1x10 5-42 139 5 I44-92 io. 11 70.14 80.25 
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The figures for the disappearance of nitrates are similar to 
those obtained in previous years. From the results it appears 
that where no nitrate was applied nitrates were produced to the 
extent of 19.39 pounds per acre of nitrogen. The application of 
15.5 pounds of nitrate nitrogen did not greatly increase the 
amount removed by the timothy. With the applications of 46.5 
and 139.5 pounds nitrate nitrogen, there was an apparent loss of 
9.26 and 64.67 pounds respectively. If it is assumed that the 
two heavier applications of nitrate liave not interfered with nitri- 
fication, the discrepancy would be 29.15 and 84.56 pounds respec- 
tively. In this calculation, no account is taken of the possibility 
that the roots 1 and stubble would also contain some of the 
absorbed nitrate. Since the timothy had been growing on this 
land for the three preceding years, during which- time the roots 
had largely been produced from previously added nitrate, it does 
not seem likely that more than a very small proportion of the 
nitrate added on April 25 could have been contained in the 
roots of July 12. Granting however that the roots produced 
during the two and one-half months would be responsible for 
an amount equal to Y the nitrogen contained in the crop we 
would still have an apparent disappearance, with the largest 
nitrate application, of 51.18 pounds nitrogen per acre. 

NITRATES REMOVED BY LEACHING. 

Unfortunately we have no direct means of estimating the loss 
of nitrates from these plots by leaching. We do have some 
indirect evidence on this point which seems to preclude the possi- 
bility of very much loss in this way. Grass has been grown con- 
tinuously for nine years on certain lysimeter tanks, using the 
same type of soil as was used for the plots already described. 
The drainage from these tanks has been collected by yearly 
periods and the nitrates determined. The average annual removal 
of nitrate nitrogen in the drainage water from these tanks has 
been 1.45 lbs., while the largest removal in any' year has been 
6.8 lbs. per acre. We would hardly expect therefore to have an 
appreciable amount lost in this way from the 'plots, during the 
two and one-half months during which the timothy was growing. 
The losses from the lysimeters represent quantities passing 
through four feet of soil and there is the possibility that the 
applied nitrate was carried below the eight inch depth sufficient 
to account for the discrepancy indicated in Table 4. However, 
experience has shown that on this soil type nitrates do not 
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move downward with sufficient rapidity to make this explana- 
tion plausible. In field experiments it has been found that even 
where nitrates are produced in large quantities in the surface the 
lower strata have not been rapidly increased in concentration. 
An increase in the first foot of nitrate nitrogen from 37 pounds 
per acre in May to 170 pounds per acre in October was accom- 
panied by an increase in the second foot of from 20 lbs. to 35 
lbs. Further, the rainfall of the period April 25 to July 12, 1921, 
was exceedingly low, being only five inches, while the average 
during 1896-1916 for a similar period was eight inches. 

LOSS OF NITROGEN FROM SOILS UNDER GRASS. 

It is not known whether the apparent disappearance of nitrates 
in this experiment has been accompanied by a loss of nitrogen 
from the soil during the four years treatment with sodium 
nitrate. If it could be shown that the nitrogen content of the 
soil had been decreased at least part of the removal of nitrates 
could be attributed to denitrification with the evolution of ele- 
mental nitrogen. The nitrogen content of this soil before and 
after the growing of timothy has not been determined because it 
seemed very questionable whether the comparatively short 
duration of the experiment and the difficulty of obtaining satis- 
factory samples would permit of reliable information on this 
point. In another experiment on the same soil type in the same 
field, a mixture of Kentucky blue grass, redtop, and timothy has 
been grown continuously on the land for ten years. In no case 
has the nitrogen content of the soil decreased during the ten- 
year period. By sampling the plots in 1910 and again in 1920 
it was found that as an average of eight plots the soil has gained 
in nitrogen to the extent of 250 pounds per acre foot, exclusive 
of that removed by the grass, which amounted to 347 pounds 
per acre; whereas an average of eight plots on which no crops 
were grown for ten years there has been a loss of 624 pounds 
of nitrogen per acre foot. In all cases where crops were grown 
in this experiment there was no loss of nitrogen from the soil 
that could not be accounted for in the crops removed. / 

DISCUSSION. 

From the evidence presented it appears that the addition of 
sodium nitrate to timothy sod in the early spring is followed by 
a rapid disappearance of the nitrate from the surface eight inches 
of soil and that this disappearance is due only in part to the 
absorption of nitrogen by the growing crop. The evidence 
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presented indicates that the discrepancy is not due to leaching 
nor to the removal of nitrogen from the soil by denitrification. 
It appears likely that the nitrate unaccounted for has been 
utilized by various organisms of the soil and that the nitrate is 
therefore transformed to ammonia or some organic combination. 
The accuracy of the balance sheet presented is, of course, sub* 
ject to the limitations of the methods employed, particularly 
those used for determining nitrates and for the sampling of soils 
for nitrogen determination. However, the discrepancies 
observed are, so greatly in excess of any probable inaccuracy of 
the methods the results seem to justify the formulation, of the 
hypothesis already stated and a continuation of the study under 
more rigidly controlled conditions. 
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AGRONOMIC AFFAIRS. 

NOTES AND NEWS. 

E. N. Bressman, formerly assistant in Farm Crops at Iowa 
State College, is now head of the Farm Crops Department at the 
New Mexico State College. 

C. S. Dorchester, formerly of the Farm Crops Department, 
Iowa State College, is now an instructor in Farm Crops at the 
Minnesota College. 

R. R. Spafford, assistant agricultural economist, Bureau of 
Agricultural Economics, Department of Agriculture, has re- 
signed to engage in business with his father at Tails City, Neb. 

Plans were recently announced for the Yearbooks of the De- 
partment of Agriculture for 1922, 1923, and 1924. With the 1921 
Yearbook, these are to complete a 4-year series of articles, each 
of which is intended to be a complete discussion of the history 
and economic status of the subject. The 1921 Yearbook con- 
tains articles on wheat, corn, cotton, and beef., The 1922 Year- 
book*^ hay, and forage, small grains, 
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and forestry. The subjects to be discussed in the 1923 Yearbook 
include fruits, potatoes and truck, sugar, tobacco, poultry and 
sheep, and goats. In the 1924 Yearbook there will be articles 
on horses and mules, roads and transportation, land utilization, land 
tenure, credit and insurance, country life, and education. Each of 
the articles will include a large number of charts and graphic 
illustrations. 

Asher Hobson of the Bureau of Agricultural Economics, Depart- 
ment of Agriculture, has been named delegate to the Inter- 
national Institute of Agriculture at Rome, succeeding Dr, W. 
H. Stevenson, who recently returned to Iowa State College. 

C. V. Piper, in charge of forage crops investigations in the 
Department of Agriculture, was given the honorary degree of 
Doctor of Science by the Kansas State Agricultural College, in 
June. 

Dr. G. R. Lyman, formerly in charge of the Plant Disease Survey 
of the U. S. Department of Agriculture, has been appointed Dean 
of the College of Agriculture of the University of West Virginia, 
at Morgantown, and will assume his new duties on January 1, 1923. 

Dr. F. G. Cottrell was appointed, effective September 20, 1922, 
Director of the Fixed Nitrogen Research Laboratory of the Depart- 
ment of Agriculture, succeeding Dr. R. C. Tolman, who resigned to 
become Professor of Physical Chemistry in the California Institute 
of Technology. 

Prof. L. A. Fitz, head of the Department of Milting Industry at 
the Kansas College, has been granted a year’s leave of absence, and 
is now employed in the Research Laboratories of the Fleischmann 
Co., in New York City. During Professor Fitz’s absence Associate 
Professor P. L. Mann will be acting head of the Department. 

M. A. Carleton, formerly of the Office of Cereal Investigations 
of the United States Department of Agriculture, now in charge of 
the development of disease-resistant bananas for the United Fruit 
Co., has transferred from Panama to Honduras, where he will have 
better facilities for his work. 

Prof, C. F. Marbut, of the Bureau of Soils, Dr. R. O. E. Baker, 
of the Bureau of Agricultural Economics, and Dr. H. L. Shantz, of 
the Bureau of Plant Industry of , the U. S. Department of Agri- 
culture, made a reconnaissance survey of the Southern Great Plains 
during the months of September and October. They studied the 
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distribution of the natural vegetation and of soil types, and also 
devoted attention to the agricultural economics of the region. The 
survey included portions of southwestern Nebraska, eastern Col- 
orado, northeastern New Mexico, and the western portions of 
Kansas, Oklahoma and Texas, extending as far south as Corpus 
Christi, Texas. In all, about 5,000 miles Were covered by auto- 
mobile. 

WESTERN CANADIAN SOCIETY OF AGRONOMY 

The editor of this Journal "has received a copy of the printed 
Proceedings of the Second Annual Meeting of the Western Canadian 
Society of Agronomy, which was held at Winnepeg on December 
27-29, 1921. It contains information with reference to the organi- 
zation and membership of the Society and the following papers : 

Address of President — T. J. Harrison. 

Growing Grain in Rows — Manley Champlin. 

Practical Crop Rotations for the Prairie Farmers — M. J. Tinline. 

* A Course to Train Specialists in Agronomy — D. W. Robertson. 

Laboratory and Field Germination Tests — W. H. Wright. 

Wheat-stem Rust from the Standpoint of Plant Breeding — H. K. Hayes and 
E. C. Stakman. 

Discussion of Hayes and Stakman’s Paper, “ Wheat-stem Rust from the 
Standpoint of Plant Breeding M — J. B. Harrington. 

Alfalfa Hybridization — W. South worth. 

A Comparison of Some Physical Properties of Immaturely Frosted and 
Non-Frosted Seeds of Wheat and Oats — Jas. R. Fryer. 

Peat Land Farming — F. J. Alway. 

Soil Colloids — C. B. Clevenger. 

The Potato Scab Problem — G. B. Sanford. 

Extension Methods that Get Results — S. T. Newton. 

Copies of this report and the Proceedings of the First Annual 
Meeting of the Society are for safe at fifty cents each by the Secre- 
tary, Professor Roy Hansen, University of Saskatchewan, Saskatoon, 
Sask., Canada. A single copy of each of these Proceedings will be 
sent free, on request, to the library of each of the Agricultural 
Colleges in the United States. 
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INCREASING THE EFFICIENCY OF AGRONOMIC 

RESEARCH . 1 

L. E. Call. 2 

The field of agronomy is still a new one in America. Carleton 3 
1 in his presidential address before the first session of this society in 
1908 said, “ In this country the segregation of agronomic work from 
general agriculture began with the new century. Before the year 
1900 the word agronomy was rarely heard or written.” The field 
of activity of the early agronomist was scarcely less restricted than 
that occupied by the earlier men in general agriculture. He had 
far too many duties and too many lines of activity to attempt the 
necessary specialization that would enable him to pursue any care- 
fully planned line of research. A decade ago the agronomy depart- 
ment in most educational institutions was charged with the teaching 
and the investigational work in agricultural engineering and farm 
management, as well as in soils and crops, and its small staff 
attempted to do the extension work in these fields as well. It was 
not uncommon in our smaller institutions to find the same man 
engaged in all of these lines of activilty. In fact, fifteen years ago 
in some of the smaller departments the same man taught courses in 
general crops, soils, and farm machinery, and often did a limited 
amount of teaching in farm management and meteorology. In 
addition, some extension work, as well as experimental work, was 
attempted. Undoubtedly the greatest improvement in the efficiency 
of agronomic work in the past has come through gradual elimina- 
tion of the diverse lines of activity of the agronomist. Today in 
most institutions the work of the department of agronomy is devoted 

1 Presidential address, presented at the annual meeting of the American. 
Society of Agronomy, at Washington, D. C., November 20, 1922. Contribu- 
tion No. 143 from the Department of Agronomy, Kansas Experiment Station. 

* Professor of Agronomy, Kansas State Agricultural College, Manhattan, Kan. 

* Carleton, M« A. Development and proper status of agronomy. In Jour. 

Araer. Soc. Agron. 1:17^23, 1908. 
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exclusively to soils and crops, and in those departments which have 
the largest personnel, the men are devoting their entire time to 
teaching, research, or extension in one or the other of these fields. 
In fact, it is fully recognized that even greater specialization than 
this is not only desirable but absolutely necessary for the most 
efficient work. The entire field of either crops or soils is far too 
large for anyone engaged in research. The breeding of any one 
crop plant such as cotton, wheat, or corn will furnish a sufficiently 
large field for any investigator who is well trained in genetics. 
As the field of activity in crops and soils has been narrowed, the 
work in each field has improved. This has been the one outstanding 
contribution of the past twenty years toward greater efficiency in 
agronomic work. 

INTERRUPTION CAUSED BY THE WAR. 

The first lesson in efficiency, the need of specialization, had scarcely 
been learned and our institutions attained a state of development 
that would permit a reasonable degree of specialization when, due 
to the world war, all progress was interrupted The service of every 
available man was required for the conflict. Agronomists frequently 
proved to be the logical men to serve on committees to devise plans 
whereby the maximum production of food stuff s f could be secured. 
All their time and thought were devoted to this work. Progress 
in the technical field of agronomy came to a standstill. 

The reconstruction days following the war proved no more satis- 
factory. They brought problems that were even more distracting 
than those of the war itself. Prewar appropriations were no longer 
adequate to support teaching and research. The industries, because 
of the higher salaries they could pay, were taking the younger men 
of the profession. It was impossible to replace them. Students 
were not interested in graduate study. This was not surprising when 
at the completion of an undergraduate course they could enter a 
line of industry that would pay a larger salary than that commanded 
by some of the best trained men in the profession. Those days, 
however, are slowly but surely passing. Conditions are gradually 
adjusting themselves. Appropriations are more nearly adequate for 
the work. More students are interested in graduate study, and 
there is promise of a more abundant supply of well trained young 
men in agronomy in the future. However, the world war and recon- 
struction have occupied a period of time nearly one-half the length 
of the life of this society. When, therefore, we consider the progress 
that has been made in agronomic work during this time regardless 
of the many distractions, it should serve as a stimulus to us to push 
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forward with renewed energy now that the outlook is brighter for 
uninterrupted work. 

LAYING PLANS FOR THE FUTURE. 

Is this not a logical time to consider the defects and shortcomings 
of our work and to lay plans for more effective and efficient work 
in the future? The past, as I have endeavored to show, has taught 
the need of greater specialization. This lesson has been learned. 
There is some evidence that in certain cases specialization may have 
been carried too far, especially in the administration of agronomic 
work, but the principle of specialization has been firmly established. 

If agronomic work is to reach the highest point of efficiency in 
the future, if we are going to improve upon the splendid service of 
the past, there are several fundamental considerations that must be 
recognized: (1) The importance of thorough basic training for 

research must be not only encouraged but insisted upon. (2) There 
must be a clear understanding of the importance of the research 
problems that present themselves and an effort must be made to 
confine our activities and energies to problems of greatest value. 
(3) There must be in those engaged in research such a love for 
the work as will enable them to push forward in the face of obstacles 
which may seem insurmountable. (4) There must be developed a 
spirit of consecration that will lead not only to a greater degree of 
cooperation among workers who are attacking the same problem 
but a closer cooperation among different state institutions, between 
state institutions and the federal government, between agronomists 
and workers in other allied sciences, and between agronomists and 
the general public as represented by industrial concerns and the 
farmer. 

EXPERIENCE AND EDUCATION. 

The proper training for the agronomist should start in early boy- 
hood. This period preferably should be spent on the farm. A 
thorough knowledge of practical farm affairs and an understanding 
sympathy of the problems of farm life, best learned in the early 
boyhood days, are an essential foundation on which to build for 
technical work in agronomy. President Jardine, 4 in discussing 
this subject before this society in 1917, said : “A practical point 
of view is largely the result of boyhood training and an endowment 
of common sense. We who are now directing the training of future 
agronomists should make it our first article of faith to advise a 
boy to go into teaching or research in agronomy only when he has 
* JariHne, W. M. The agronomist of the future. In Jour. Amer. Soc. Agron. 

^ 5 - 39 0.1*17. 
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shown ample evidence of his thoroughgoing practicality / 1 While 
a practical knowledge of agriculture is a necessary foimdation for 
the best type of training in -agronomy, it is only the first course in 
the foundation. Upon this must be placed a general four year 
college course in agriculture, followed by a thorough specialized 
training in those sciences related to the particular fidd of agronomy 
in which future work is to be done. It would be impossible to over- 
emphasize the importance of thorough training in the fundamental 
sciences for the person who plans to engage in research in this 
field. This is absolutely necessary as the first step toward more 
efficient work. The war and the unsettled period following it 
interrupted the study of many who were doing graduate work and 
upset the plans of many others who were arranging for graduate 
study. This is a loss that will never be entirely repaired, and as a 
result, the efficiency of our work has suffered. It is encouraging, 
however, to observe an increasing interest in graduate study among 
the younger men in agronomy, as well as among students who have 
just completed their undergraduate work. It gives promise of a 
higher standard of work in the near future. 

There is a danger that often accompanies thorough training in 
a specialized field. This is the failure to maintain a correct con- 
ception of the relative importance of other lines of work. The 
worker becomes so impressed with the importance of his own line 
of activity that the importance of the work of others is under- 
estimated. This develops in time into a professional selfishness 
that warps the vision, stunts mental growth, and greatly reduces 
the efficiency of the worker. The danger of developing the so 
called “ single track mind 11 can be avoided by taking time to investi- 
gate and to become interested in the work of others. The time 
spent for this purpose not only will broaden our vision and help us 
maintain a correct understanding of the importance of our own 
work but may give us new ideas that will open up new lines of 
attack on our own problems. We have represented in the American 
Society of Agronomy as it is now constituted a sufficient number 
of lines of research activity to enable those of us who attend the 
meetings to maintain a fairly broad vision of closely related fields 
of work. This helps us maintain a breadth of vision that we all 
need. The man who is devoting his time to field crop genetics is 
benefited by the discussion of some phase of soil biological work, 
and in the same way the man engaged in research in soil biology 
profits by the discussion of the problems of the plant breeder. We 
may derive even greater benefit in this connection by att^diftg 
nteetiiigs of other societies of pure and applied Science; E^ery 
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possible opportunity should be used for this purpose. This would 
eliminate much of the danger of too great specialization, provided 
through such gatherings as these, and in other ways, a broad vision 
is secured and a sympathy maintained for other lines of work. 

RESEARCH AND OTHER DEMANDS. 

In the past the efficiency of agronomic research has been retarded 
not only by inadequate training and by a constant pressure from the 
general public for special services, but by poor organization and 
a failure to grasp the importance of the various problems and to 
attack those only of the greatest economic importance. While the 
lack of training on the part of those engaged in agronomic research 
is being rapidly overcome and while the demand for public service 
is less urgent than during the war, there nevertheless is a constant 
demand upon most of us in federal and state institutions for such 
service We constitute a part of public institutions whose only 
justification for existence is to serve the people, from whom we 
obtain our support. Good service leads to an ever increasing 
demand for additional help. Some of our colleges are developing 
as service institutions to the point where public demand is so strong 
that a majority of the time of the entire force of the institution 
is utilized in this way.. It should be remembered that the best serv- 
ice is not necessarily performed when only the call of the hour is 
answered. Frequently the man in the laboratory working on funda- 
mental problems proves in the end the better public servant. Both 
types of service must be performed and the most efficient institu- 
tion is the one which retains the proper balance between these two 
lines of work. It is often possible to combine basic research with 
the solution of some practical problems of timely interest. The 
farmer may be interested in the best crop variety to grow. It is 
the agronomist’s duty to give him this information. While this 
information is being obtained it may also be possible, if the work 
is properly planned, to study some of the factors that influence the 
productivity of the crop under investigation. Thus research of a 
fundamental nature may often be combined with the more routine 
types of work that we all must pursue. 

Are we wasting time on work that is poorly organized ? Are we 
attacking the problems that are of the greatest importance? Are 
we marking time because of being engaged in lines of research 
that we ate unable to pursue properly with the resources at our 
command ? If so, are there not problems of the greatest importance 
that might be attacked with the resources at hand with reasonable 
assurance of bringing the work to a successful conclusion ? Is 
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there not also a possibility that research methods are being used 
that are expensive, that consume time excessively, that might be 
replaced by simpler and less expensive methods ? Greater efficiency 
in research work in agronomy can be brought about by better adap- 
tation of research methods to the problems under investigation, 
by a more careful organization of the work, and by a thorough 
study of the problems under investigation; eliminating those upon 
which progress is not being made and placing greater exertion 
and energy on those that remain which are of greatest value. 

ESPRIT DE CORPS. 

There has never been the esprit de corps in agronomy that exists 
in some of the older branches of science. Until we develop such 
love for our profession that we are willing to make sacrifices in 
salary and mere official rank in order to stick to agronomic research, 
we cannot hope that proper progress will be made by the profes- 
sion. The American Society of Agronomy in the short period of 
its existence has had a total of fourteen presidents. Of this number 
only four remain today in purely agronomic work. Two have 
become college presidents, four are experiment station or extension 
directors, two have retired from active service, and two are engaged 
in commercial fields of work. Perhaps the loss of these men from 
the field of agronomic research would not have been so serious, 
because most of them while agronomists were already engaged chiefly 
in administrative work, had it not been for the fact that when they 
resigned, their places for the most part were taken by men engaged 
in research who had won recognition because of their achievements 
in this field. As long as it remains the practice to take the best 
research men in agronomy for administrative work it will be im- 
possible to make research work as efficient as it should be. It is 
regretable that in many institutions it is impossible financially to 
reward efficiency in research as liberally as efficiency in adminis- 
tration and extension. The United States Department of Agricul- 
ture is to be congratulated that Congress has made possible a salary 
scale for a few men engaged in research highef: even than that of 
the bureau chiefs themselves. These positions should be filled as 
rapidly as suitable men can be obtained to fill them. They will be 
filled at the maximum salary available for the position if the ad- 
ministrative officers of the department are willing to lay aside per- 
sonal feeling in the interest of the development of research. It is 
recognition of this kind that will hold our best men in research. It 
is recognition of this kind that will develop an esprit: 
the ranks of agronomy. May we not hope that the action of Con^ 



call: increasing the efficiency of research 335 

gress in recognizing the value of research marks the beginning of 
a new day for the men engaged in investigational work ? 

COOPERATION. 

Although thorough training, well developed plans, and love for 
the work are essential for efficient research in agronomy, they are 
perhaps less important than a spirit of cooperation in the workers. 
We have passed the pioneer days in agronomic research when it 
was possible for an individual working alone to make rapid progress. 
The problems before us are complicated, they require for solution 
the best judgment of a number who are specialists in different lines 
of work and who can view the problems from different angles. The 
most hopeful sign of increasing efficiency in agronomic work is the 
growing spirit of cooperation among those working together in 
agronomy and between agronomists and those engaged in other 
fields of science. 

Cooperation Among Agronomists. 

In several sections of the United States where climatic and soil 
conditions are similar we have agronomists working on problems 
that are similar, if not identical. While some duplication of work 
is usually desirable, is there not wasted effort in much of the 
duplication that exists in agronomic work to day? 

We are able to learn something of each other's work in meetings 
of this kind and in the sectional meetings of the society. We also 
learn much from published papers and occasional visits to other 
institutions, but this does not afford the type of cooperation that 
we should have or that we must have if the work is to be most 
effective. It should be possible for those engaged in the same line 
of research in adjoining states of similar character to meet together 
in smaller groups at least once a year to discuss their work and to 
advise with each other as to the best way of attacking their problems. 
Work that is being contemplated should be presented at such meet- 
ings and an endeavor made to secure the necessary cooperation on 
the problem without the danger of unnecessary duplication. The 
amount of money required to travel to meetings of this character 
would be insignificant as compared with money which could be 
saved. The results accomplished by such meetings cannot be meas- 
ured, however, in money. The most important result is the stimu- 
lation to the worker that would come from such gatherings. The 
soil fertility schools that have been held by the Soil Improvement 
Committee of the Rational Fertilizer Association and the conference 
on lime held in September at the University of Tennessee are steps 
in this direction. Such conferences are having a tremendously 
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stimulating influence on the work in these fields. What we should 
have are more conferences of this character, but before this is 
possible, our administrative officers must recognize the value of such 
meetings and arrange for the traveling expenses of the delegates. 
This, I believe, will come when we who are engaged in the work 
demonstrate our belief in the value of such meetings by attending 
some of them at personal expense. 

Cooperation Between Agronomists and Other Scientists. 

The agronomist must have a thorough training in closely related 
sciences, not with the expectation of becoming a specialist in these 
fields of study — for that would be impossible — but for the pur- 
pose of recognizing, in any problem that he may undertake, the 
relation of the various sciences to it. When he recognizes that some 
other science may contribute to its solution, he should be broad- 
minded enough to invite cooperation. For example, if the plant 
pathologist and the agronomist work independently of each other, 
progress will be slow in developing disease resistant strains of crop 
plants. Likewise, the agronomist and the entomologist working in 
cooperation will make much more rapid progress in devising methods 
of insect control than by working alone. In the same way the 
agronomist must cooperate with the geologist, the physicist, the 
bacteriologist, and the chemist in the solution of difficult soil prob- 
lems. It is in this way that the problems of the future will be 
solved. The agronomist cannot hope to be a plant pathologist, a 
plant physiologist, an entomologist, or an ecologist, a physicist, a 
chemist, or a bacteriologist. He can, however, have the helpful 
cooperation of these other scientists in many of our well organized 
institutions if he has the character and the vision to invite their 
cooperation and to avoid anxiety about who is to get credit for the 
work. One of our greatest needs today is a group of workers who 
are willing to forget self for the sake of service. 

Cooperation Between the States and the Federal Government. 

There has been a splendid spirit of cooperation in the past between 
the Bureau of Soils and the Bureau of Plant Industry of the United 
States Department of Agriculture and the Departments of Agronomy 
of most of the land grant institutions. This has led to extensive 
and highly satisfactory cooperative work that has been of the 
'greatest help to the land grant institutions, and I believe satisfactory 
as well to the United States Department of Agriculture. Most 
agronomic problems are not bounded by state lines. Many of them 
are regional or even nation-wide in their application. The broader 
viewpoint which the United States Department of Agriculture must 
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necessarily take is of the greatest value to the local ^worker, while 
on the other hand, the close personal touch which only the man on 
the job can have has no doubt been of similar value to workers in 
the Federal Department. How long would it have taken us work- 
ing alone in state institutions without the cooperation of the Office 
of Cereal Investigations of the Bureau of Plant Industry to learn 
that there are regional strains of black stem rust ( Puccinia graminis 
tritici) ? How long would it take to determine the winter hardi- 
ness of a new strain of wheat if it were not for the winter hardiness 
nurseries of the United States Department of Agriculture conducted 
in cooperation with the states extending north and south across the 
country? What progress would the individual states have made 
in classifying the soils of this country if it had not been for the 
cooperation of the Bureau of Soils with the various states in soil 
survey work? These are but a few of many examples that might 
be cited of the value of the cooperation that has existed in the 
past between the states and the federal department in agronomic 
work. Greater efficiency in agronomic work in the future will come 
through closer cooperation between these agencies than has existed 
in the past. This will take place if we all endeavor to give as much 
as possible rather than to get as much as possible from our coopera- 
tive work. 

Cooperation Between the Agronomist and the Public. 

Of necessity is the agronomist in close contact with the farm and 
the public. In common with other agricultural workers he is mqfje 
or less of a middle-man between the man of so called pure science 
and the man on the farm. It is to the agronomist that the farmer 
should naturally come with a crop or soil problem. If the agrono- 
mist is practical enough and scientific enough to apply the principles 
of science to the problems of the farm, he will secure the confidence 
of the farmers and bring about a cooperative relation that will be 
mutually beneficial. The farmer will obtain the service that he 
desires, while the agronomist will at all times be informed as to the 
problems of the farm that require attention. 

There is developing rapidly a more friendly relation between the 
agronomist and agricultural industrial concerns. The industrial con- 
cerns are learning that the agronomist is not altogether a theorist, 
and the agronomist is learning that many industrial concerns dealing 
with the farmer are endeavoring to render a real service to agricul- 
ture. This has led to most friendly cooperative relations with a 
number of agricultural industries, as, for example, the National 
Fertilizer Association through its Soil Improvement Committee, the 
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National Lime Association, and more recently firms interested in 
the sale of sulfur for agricultural purposes. When we consider 
the possibilities in this field we are impressed with the small begin- 
ning that has been made and the number of lines of industry with 
which we, as agronomists, should be cooperating. 

SUMMARY. 

If agronomy in the future is to make the rapid progress that has 
been made in the past, if it is to -retain its present standing in the 
rapidly developing field of agriculture, if it is to accept its oppor- 
tunity to render to society the service that the future will afford, 
a greater effort must be exerted among agronomists to secure the 
proper, fundamental training for their work. There must be 
developed an esprit cle corps that has not existed in the past. Greater 
efficiency in research must be secured by closer cooperation and a 
more generous attitude : first, among agronomists in different state 
institutions; second, between agronomists in state and in federal 
work ; third, between agronomists and other scientists ; fourth, 
between agronomists and those engaged in industrial enterprises; 
and, fifth, between agronomists and the general public* These are 
the conditions necessary for effective work. Is there any reason 
to doubt that they will be fully accepted? I think not, for there 
has never been a time when the need for thorough training was 
more fully appreciated, when workers in agronomy were more 
earnest, when the desire for cooperation was more sincere, or when 
the opportunities for service were greater. Nothing must prevent 
the agronomists of the future from accepting these opportunities. 

REDUCTION OF NITRATES CAUSED BY SEED AS A 
* POSSIBLE FACTOR IN THE ECONOMY OF 
NITROGEN IN CROP PRODUCTION . 1 

Jehiel Davidson 2 
INTRODUCTION. 

As early as 1868, Schonbein (i) 8 reported the f&ct that water 
extracts, prepared from seeds of higher plants, possess the faculty 
Of reducing nitrates to nitrites and other more advanced products of 
reduction. He thought that the dissolved organic materials present 

1 Contribution from the Laboratory of Crop Chemistry, Bureau of Chemistry, 
IT. S. Dept, of Agriculture. Presented at the 12th annual meeting of the American 
Society of Agronomy, Chicago, 111., Nov. 10, 1919. Received for publication 
October 2, 1922. ' 

* Soil Chemist. 

* Reference by number is to “ Literature cited/* p. 354, 
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iti the extracts had certain catalytic properties similar to those of 
platinum black and that the reduction was a phenomenon connected 
with the chemical activation of oxygen as in the case of ozone. In 
the light of the later theory 'of enzymes, Schonbein’s explanations 
might be interpreted to mean that the reduction of nitrates by seed 
extracts was caused by reducing enzymes. 

It is now generally accepted, however, that the denitrification 
attributed directly to the seed by Schonbein is caused by reducing 
microorganisms which use the materials contained in the seed as 
food. For instance, toluene, which inhibits bacterial activity but 
does not affect enzymic action, completely prevents the formation of 
nitrites by seed in a nitrate solution. Seed which was heated at a 
temperature of ioo° C. for about 24 hours, for the purpose of 
destroying its vitality, did not lose its ability to reduce nitrates, as 
will be shown in this paper. The prolonged heating at ioo° C. 
would seem to be sufficient to destroy all the enzymes in the seed. 
The organisms concerned in the reduction of nitrates indirectly 
caused by seed, whether found only .where grain is grown and stored 
or not, seem to be of common occurrence. Seed belonging to dif- 
ferent varieties, obtained from different harvests and different 
localities, gave results showing the same denitrifying tendencies. 

The object of the work here rejxirted was to obtain quantitative 
measurements which would give an idea of the possible extent of 
the reduction of nitrates caused by seed. It was thought that such 
data would indicate the limits of speculation as to what might happen 
under actual field conditions. 


EXPERIMENTAL WORK. 

It was not considered necessary to conduct the experiments under 
controlled conditions of culture and temperature. The nature of 
the organisms involved was beyond the scope of this work, which 
was intended to demonstrate collective results under natural fluctu- 
ating conditions. The mixed unidentified causal organisms either 
weie associated with the seed or occurred in laboratory air. The 
temperature in the laboratory where the experiments were conducted 
varied with the fluctuations in temperature outside, especially with 
the changes in the day and night temperature, and with seasonal 
fluctuation as the work covered a period of several years. This 
accounts for certain quantitative variations which will be observed 
in the tables. The figures in these tables should be considered as 
representing relative rather than absolute values, inasmuch as they 
were obtained under certain imposed conditions. The tendencies 
which they reveal, however, are clearly defined. 
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Influence of Basic Radicles on the Reduction of Nitrates Induced 

by Seed, 

Of the nitrates selected to test the influence of the basic radicles 
on the process of reduction some are common in soils either naturally 
or as fertilizers, as the nitrates of sodium, potassium, calcium, 
magnesium, and ammonium, and some are found only rarely, or in 
minute quantities, as the nitrates of manganese, barium, cobalt, and 
copper. The solution of sodium nitrate used had a concentration 
of 1000 parts per million. The other nitrates were used in normal 
proportions, so that the concentration of the nitrite radicle was 
the same in all the solutions. 

Two grams of wheat seed was placed in 250 cc. beakers containing 
200 cc. of the solution to be tested. The beakers were covered with 
watch glasses and allowed to stand in the laboratory. At certain 
intervals aliquots (usually 5 cc.) of the solutions were pipetted off 
for nitrite determinations which were made colorimetrically, using 
the modified Griess reagent and a Schreiner colorimeter. The results 
are reported in parts per million of ,N 0 2 . The same procedure was 
followed in all experiments. The rate of reduction is judged by 
the accumulation of nitrites in the solutions from day to day and 
by their gradual disappearance. The ultimate test, however, is the 
disappearance of the nitrites which in the great majority of cases 
coincides with the total disappearance of the nitrates. 

The first experiment was begun November 18 and concluded 
December 13. The results are given in Table I. 

The process of reduction was sluggish as compared with that of 
some of the later experiments. A certain intermittence in the 
accumulation of nitrites indicates that the reduction of the nitrates 
to nitrites and to the further stages was going on simultaneously. 
The sluggishness of reduction may have been due to the season of 
the year. The time when this experiment was conducted corre- 
sponds to the period of the year when, according to Moore (2) the 
reduction of nitrates to nitrites by sunlight is the lowest. While 
the reduction of nitrates in these experiments is certainly micro- 
biological, and while the nitrite accumulations induced directly by 
sunlight generally fluctuate between fractions of one part per million 
and, therefore, could not appreciably affect the quantitative determi- 
nations reported here, sunshine intensity may be an important 
factor, affecting the activities of the organisms involved in the 
reduction of nitrates. 

The disappearance of the nitrites occurred earlier in the calcium 
alid magnesium nitrate solutions than in the others. This, however, 
may have been accidental. The behavior of manganese, which is 



Table i. — Influence of basic radicles on the reduction of nitrates induced by seed . 
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known to be toxic to higher plants in relatively high concentra-' 
tions (3) is of interest. While in the concentration used in this 
experiment, which is to be consdered as high, manganese would 
seem to have retarded slightly the accumulation of nitrite it 1 the 
beginning and its disappearance at the end, it nevertheless left the 
process of reduction essentially unchanged. Cobalt and copper, in the 
concentrations used in this experiment, entirely prevented reduction. 

The results show thait the basic radicles of the common ‘nitrates 
do not affect essentially the process of nitrate-reduction induced by 
seed. In the subsequent experiments sodium nitrate, the most com- 
mon nitrate in fertilizers, was used. 

Influence of the Quantity of Seed on the Reduction of Nitrates. 

Definite weights of wheat seed were placed in 250 cc. beakers, 
and 200 ec. of a 1000 p.p.m. sodium nitrate solution was measured 
into each beaker. The beakers were covered with watch glasses 
and allowed to stand in the laboratory as in the previous case. 

This experiment was begun January 23 and concluded February 
12. The results are given in Table 2. 

The influence of the larger quantities of seed was to hasten the 
process of reduction, especially, in the more advanced stages which 
are marked by the disappearance of the nitrites. * The maximum 
nitrite concentration of 600 parts per million was obtained with one 
gram of seed. It is possible that the rapid disappearance of nitrites 
began at a lower concentration in the case of the larger quantities 
of seed. It is also possible, however, that the maximum readings 
in the case of the larger quantities of seed indicate the first steps 
in the further reduction of the nitrites. The highest concentrations 
might have occurred between the date of the apparent maximum 
and that of the first reading which registered the more advanced, 
reductions as indicated by the decrease in nitrite occurrence. It 
should be noted that in the case of the highest quantity of seed the 
total accumulation of nitrites disappeared in a period of time not 
exceeding two days. 

Influence of the Concentration of the Solution on the Reduction 
of Nitrates Induced by Seed. 

Two grams of wheat seed was weighed into each beaker and 
200 cc. of each solution was measured into the beakers. The con- 
centration of the solutions ranged from 100 to 10000 parts per mil- 
lion. The experiment was begun March 28 and terminated April 20. 
At that date the nitrites had not disappeared in the highest concen- 
trations. The results are given in Table 3. 



Table 2. — Influence of the quantity of seed on the reduction of nitrates . 
(Parts per million of NO 2 .) 
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Beginning with the concentration of 2000 parts per million, the 
experiment ran its normal course, except for a certain fluctuation 
in the accumulation of nitrites. Attention is directed to the large 
accumulation of nitrites obtained in the higher concentrations of 
sodium nitrate. 

The lowest concentration of 100 parts per million of sodium 
nitrate used in this experiment is frequently found in soils under 
natural conditions. The reduction in this concentration followed 
the same general tendency. Higher concentrations of 1000 parts 
per million were used in the subsequent experiments for the purpose 
of better demonstration. 

Influence of Surface Sterilization of the Seed on the Reduction of 

Nitrates. 

The experiment was conducted in 250 cc. beakers with 200 cc. of 
solution having a concentration of 1000 parts per million. Two 
sets of beakers, one with sterilized seed and one with untreated seed, 
were used. The seed was sterilized by soaking it in a solution of 
mercuric chloride (1 : 1000) for 20 minutes. The experiment was 
begun February 22 and terminated April 4. The results are given 
in Table 4. 

The surface sterilization of the seed retarded the beginning of 
the process of reduction for about four days. The organisms which 
were at work in the sterilized set of beakers were either those rein- 
oculated from the air of the laboratory or those of the original flora 
associated with the seed which survived because of imperfect sterili- 
zation. The retardation was probably caused either by the length 
of time required for inoculation in the case of the first alternative 
or by that required for the residual organisms to multiply in the 
case of the second alternative. The disappearance of the nitrites 
was not as rapid in the case of the sterilized seed as in the case of 
the untreated seed, probably because of the change produced by the 
sterilization of the seed in the composition of the causal flora. 

Influence of the Depth of the Liquid on the Reduction of Nitrates 

Induced by Seed. 

All the experiments so far reported were conducted in 2 50 cc. 
beakers, using 200 cc. of solution. Under these conditions the depth 
of the liquid was about 6.5 cm. It has been assumed that the process 
of reduction in these experiments was anaerobic in character, as in 
the case with biological reduction in general. It seemed desirable, 
therefore, to determine whether the depth of the liquid had any 
distinct effect on the process, especially in view of the fact that the 
depth of standing water over agricultural fields seldom reaches 6.5 cm. 



DAVIDSON: REDUCTION OF NITRATES BV SEED 


,88 
»!&« 
e e 

W“ 

M 5 * 

o o 

S4 ii 

« © 

s 0 S. «& 


55 S5 
4 > V 

gg 

552 !; 


•*56 

IS 


1 

.3 




14 

< N -S 


Ss” 

2 M 

$©>£ 

5 T -3 


O lO« j 

o' « § ft (I « 

Sgssss 

m C8 (4 ClJ p 

HHHH 

gS 

oc« w ?2 

00 *T rj 

N «Hr 

SSgggg 
- - g - g 2 
H hH 


0 

a 

W 3 

1 

Ph 


S *> >, §. © o £•© g 

© o oceS 

<3 *3 

. CiflOtflO® 
W. W'C'NONioJJ 
5 >, *• N N N *» 


I 

a 


> 


w 

j 

« 

< 

H 


a *° ~~ 


°OC® O o 

O O fi !? y tjr 

N fl IN N A 


I- </> 

< 


YO O O O O M 


w © u-> w © 


*3 1*5 N Tt rc O 

6 6 6 6 6 2 


8 $ g © g ? 
g S 2 © o 

&-SS £ 


1-iiJJjF 


14 

5 •» 

54 

? •» 


S 81 

o g 

2 £ j 
•3 81 


A A 


o 



111144-1444 

ra'3 : 3Sa l $« 033 0 33 033 03 OS 

sflfFFPFFF'J 

tflcccet/iw XS tS « to » 


OOlfllflflN 


in to n 


345 



346 JOURNAL OF THE AMERICAN SOCIETY OF AGRONOMY 

Two grams of wheat seed and 200 cc. of a 1000 p.p,m. sodium 
nitrate solution were used in each case. Vessels of different diam- 
eters were used in order to obtain the different depths of liquid. 
The experiment was begun March 28 and concluded April 9. The 
results are given in Table 5. 


Table 5. — Influence of the depth of the liquid on the reduction of nitrates induced 

by seed . 

(Parts per million of NO*.) 


Depth of After 

liquid, 2 

cm. days. 

IS 25 

1.5 12 

65 30 

6.5. 50 

22.0 50 

22.0 40 


After 

After 

After 

3 

' 5 

7 

days. 

days. 

days. 

70 

80 

156 

60 

90 

140 

70 

120 

100 

80 

137 

5 

90 

180 

2.5 

90 

140 

125 


After 

After 

After 

8 

10 

12 

days. 

days. 

days. 

180 

125 

None 

160 

160 

None 

12 

90 

None 

6 

90 

None 

3 

50 

None 

40 

125 

None 


The depth of liquid did not seem to have any important effect on 
the process of reduction. 


Influence of Temperature on the Reduction of Nitrates Induced by 

Seed. 

The previous experiments reported were carried out at the tem- 
perature of the laboratory, about 75-80° in the day time. The 
temperature of the soil at the time wheat is planted, late in the fall 
or early in the spring, is much lower. If the reduction of nitrates 
induced by seed under laboratory conditions is also induced under 
field conditions, such a reduction might be expected in the late fall 
or early spring. The planted seed requires some time to germinate, 
after which, in the case of winter grain, comes a period of inactive 
growth. Excess of precipitation at these periods is also more likely 
to create anaerobic conditions in the soil, especially in localities of 
poor drainage, than at any other time. It seemed desirable, therefore, 
to determine how the process of reduction would be affected by a 
temperature approximating the temperature of the soil in late fall 
or early spring. With this point id view, two beakers containing 
two grams of wheat seed and 200 cc. of a 1000 p.p.m. sodium 
nitrate solution were placed in the ice box with a temperature of 
about 50° F. In Table 6 the results obtained from these beakers 
are compared with those obtained from two identical beakers kept 
at laboratory temperature. The temperatures of late fall and early 
spring, as indicated by this experiment, would not in themselves 
essentially interfere with the reduction of nitrate induced by seed. 
It would seem that the only effect of the lower temperature was to 
retard the process of reduction which otherwise followed its normal 
course; 
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Table 6 . — Influence of temperature on the reduction of nitrates induced by seed . 
(Parts per million of NO a .) 

After After After After After After After After After After After After 

Tempera- 235 7 8 10 12 14 16 17 19 2 2 

ture of days. days. days. days. days. days. days. days. days. days. days. days. 


Room 30 70 iso zoo 12 90 None 

Room 50 80 137 5 6 90 None .... 

Icebox.... 2.5 50 zoo 90 z 20 80 120 225 320 200 120 Trace 

Icebox.... 2.0 40 80 80 X20 70 120 320 400 240 48 Trace 


Table 7 . — Influence of destroying the vitality of the seed on the reduction of nitrates 
as compared to that induced by growing seedlings . 

(Parts per million of N0 2 .) 



After 

After 

After 

After 

After 

After 

After 

After 

After 

After 

After 


1 

3 

4 * 

S 

6* 

8 

11 

16 

17 

20* 

22 

Material. 

day .a 

days.6 

days.a 

days.6 

days.o 

days.c 

days.c 

days.tf 

days.a 

days.c 

days.d 

Sterile seed 

3.5 

20 

x 2 

40 

12 

40 

40 

11 

IS 

14 

10 

Sterile seed 

8.0 

24 

16 

40 

8.0 

32 

20 

8 

12 

9 

10 

Growing 

seedlings 

Trace 

4 

2 • 5 

8 

3.2 

20 

16 

IS 

1.2 

1.0 

1.6 

Growing 

seedlings 

Trace 

9 

3.6 

12 

6.4 

24 

28 

3-3 

2.0 

1.6 



♦ Solution not changed, (o) One day period, (b) Two days period. (c) Three days period, 
(d) Five days period. 

Influence of Destroying the Vitality of the Seed on the Reduction 

of Nitrates as Compared with that Induced by Growing Seedlings. 

The cause of the reduction of nitrates in the case of growing 
seedlings had been considered to be different from that obtaining 
in the case of ungerminated seed. It was thought to be a phenom- 
enon directly connected with the metabolic processes of the growing 
seedlings. (4) It has been shown by the writer, (5) however, that 
microorganisms are responsible for the reduction of nitrates in the 
case of growing seedlings, as well as in the case of ungerminated 
seed. 

As in the case of ungerminated seed, the contribution of the 
seedlings to the process of reduction is the supply of food materials 
contained in the mother seeds which is utilized by the reducing 
organisms. The growing seedlings and the reducing organisms are 
consequently drawing upon the same source of food. This would 
suggest the possibility of a competition for food between the grow- 
ing seedling and the reducing organisms. The growth of the; 
seedlings, therefore, would be expected to interfere with the process- 
of reduction were it not for the possibility that the competition for 
food which they offer is offset by the increased solubility of the* 
storage products contained in the mother seeds as a result of the* 
processes of growth. It was the object of this experiment to deter- 
mine whether the growth of seedlings actually has any inhibitive 
effect oh the reduction of nitrates under laboratory conditions. 

In the previous experiments the seeds were prevented from germi- 
nating by being kept submerged under a deep layer of water, usually 
6.5 cm. The results obtained under these conditions could hardly 
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be compared with the results obtained from growing seedlings, in 
which case it would be necessary to keep the mother seeds just on 
the surface of the experimental solutions. The only way to prevent 
seed from germinating when kept on the surface of the experimental 
solution was to destroy its vitality. This result was accomplished 
by subjecting the seed to prolonged dry heating at a temperature of 
about ioo° C. 

The heated and unheated wheat seed in quantities of 5 grams was 
spread out on floating aluminum disks in agate-ware dishes, each 
containing 1500 ec. of a 1000 p.p.m. solution of sodium nitrate. 

The experiment was begun January 17. The first nitrite determi- 
nations were made January 18. Germination was seemingly com- 
plete on January 20 when the ungerminated seeds in the dishes of 
the unheated series were removed. The maximum number of seeds 
which failed to germinate in one dish was 35. Enough seedlings 
were removed from the second dish of the same series to make a 
total of 35 with the number of removed ungerminated seeds. 
Thirty-five seeds were removed from each of the two dishes of the 
heated series. The quantity of seed was thus essentially the same 
for every dish. The solutions were usually changed after every 
determination, in order to prevent any too extensive changes in the 
concentration of the solution as a result of the growth of the seed- 
lings. The figures in Table 7, therefore, represent not the con- 
tinuous accumulations of nitrites, as in the previous tables, but 
accumulations during periods between the dates of two determi- 
nations. 

The results (Table 7) show that the sterile seed produced more 
nitrites than did the growing seedlings in every case save one. This 
exception may be safely disregarded in view of the general char- 
acter of the experiments previously noted. The heated seed pro- 
duced larger quantities of nitrites even in the first 24 hours and 
before the germination of the unheated seeds seemingly could have 
gained much headway. The decided drop in the production of 
nitrites induced by the growing seedlings, beginning February 2, 
occurred about the time that the hulls of the mother seeds were 
practically emptied of their storage products. 

There was a possibility that the greater production of nitrites in 
the case of the heated seed was due to the effect of heating on the 
food materials contained in the seed. When compared under the 
usual conditions in beakers, however, the heated seed failed to pro- 
duce more nitrites than the untreated seed. It would seem, there- 
fore, that the depressed reduction observed in this experiment was 
dtie to the growth of the seedlings, as was expected on the basis of 
theoretical considerations. 

. - . . * • * ... .. ' .... - r ' ... ■ 
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The tendency revealed by this experiment, should it prove to hold 
true under field conditions, might have some bearing on our agri- 
cultural practices. A high sterility in the seed used for planting 
might not only cause waste of planting material, but also, under 
certain conditions, a greater reduction of the nitrates present in 
the soil. 

Influence of Soil on the Reduction of Nitrates Induced by Sterile 
Seed and Qrowing Seedlings. 

The soil used was a silt loam from the Arlington farm. It was 
mixed with about 30 percent of sand in order to facilitate leaching. 
One hundred and fifty gram portions of this mixed soil were weighed 
into wine glasses with perforated bottoms. The bottom perfora- 
tions were fitted with cork stoppers. Wheat seed was germinated 
on aluminum disks, the devitalized seed being kept under the same 
conditions. After the seed had germinated, the seedlings and sterile 
seeds were transferred to the glasses with the soil, 12 to each glass. 
All were planted at approximately the same depth. A 1000 p.p.m. 
solution of sodium nitrate was added to the glasses until it began 
to drain through the perforations in the bottoms. The perforations 
were then stoppered with the corks. A small quantity of solution 
was allowed to stand on the surface of the soil. The glasses were 
then placed on small glass rings in beakers. In each case the 
nitrites represent accumulations of approximately 24 hours. When 
determinations were to be made the corks were removed, the free 
solution allowed to drain, and their several successive portions of 
distilled water or fresh sodium nitrate solution passed through the 
soil in the glasses. The nitrites were then determined in the total 
leachings. Naturally sterile seed, picked out from the aluminum 
disks on which seed was allowed to germinate, was used, in addition 
to that made sterile by heating. The eight glasses of the experiment 
were treated alike in every case and the results are fairly compar- 
able. The seed and seedlings were transferred to the soil January 18 
and the leachings were collected periodically until February 21. 
The results are given in Table 8. 

The high figures of the first readings may be attributed to the 
available food material originally present in the soil. The check 
glasses, which contained only soil and the nitrate solution, gave 14 
parts per million of nitrites. When this amount is subtracted from 
the readings of this date, the results approach normal. It is shown 
clearly that the presence of soil did not interfere with the general 
tendencies exhibited in these experiments. The glasses containing 
the seedlings produced more nitrites than the check glasses and 
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glasses with the sterile seeds produced more nitrites than those con- 
taining the growing seedlings. 

Table 8 . — Influence of soil on the reduction of nitrates induced by sterile seed and 

growing seedlings . 

(Parts per million of N0 2 .*) 


After After After After After After After After After After After 
2 7 10 ix x 8 19 33 3 S 28 31 34 

Material. days. days. days. days. days. days. days. days. days. days. days. 

Growing seedlings ... . 20 6.0 Trace Trace 0.6 Trace Trace 0.3 1.6 0.8 0.6 

Growing seedlings. .. . 16 2.4 0.7 0.8 0.4 Trace Trace 0.3 0.8 Trace Trace 

Heatedseed 35 12 2.5 7.2 6.0 2.5 1.0 0.5 3.5 4.0 3.0 

Heated seed 30 40 2.5 6.0 8.0 3.5 2.0 0.6 6.0 5.0 3.0 

Naturally sterile seed 8.0 1.7 x.6, 3.2 3.0 12.0 5.0 10. o 4.0 1.2 

Naturally sterile seed 16.0 1.4 1.6 8.0 3.5 20.0 6.5 10. o 0.0 2.0 

Check 14 1.2 0.7 0.8 0.3 Trace Trace 0.3 0.4 Trace Trace 

Check 14 Trace 1.4 2.4 0.6 Trace Trace 0.3 0.5 Trace Trace 


* Each determination represents an accumulation during a period of approximately 24 hours. 

The results of this experiment emphasize the possibility that 
young growing seedlings and especially ungerminated seed might 
cause reduction of nitrates in the field under certain conditions. 

Is Nitrogen Lost in the Seed-Induced Process of Reduction of Nitrates? 

The process of reduction in these experiments was generally 
followed up to the disappearance of the nitrites. The natural query 
that suggested itself was, What becomes of the nitrogen of the 
reduced nitrates? Is it merely converted into other forms or is it 
wholly or partially lost? It was the object of the following experi- 
ment to throw some light on this point. 

Approximately 2 grams of wheat seed was weighed into Kjeldahl 
flasks. Fifty cubic centimeters of a half percent solution of sodium 
nitrate was measured into each flask. There were two sets of 
Kjeldahls. One set was used only for testing for nitrates and 
nitrites. When the nitrates and nitrites had disappeared in this set, 
the Kjeldahls of the other set were allowed to stand a few days 
longer and then the nitrogen in them was determined by the ordinary 
Gunning method. Nitrogen was determined in the original seed 
and in the original solutions. Nitrogen was also determined in seed 
kept in 50 cc. of distilled water in Kjeldahls under the same con- 
ditions and for the same length of time as in the case of the experi- 
mental Kjeldahls. The experiment was carried out in triplicate. 
The results are given in Table 9. ’ 

There being no essential difference in the nitrogen content of the 
untreated seed and that of the seed kept in distilled water, the aver- 
age of the six determinations was taken as the nitrogen content of 
the original seed and was used in calculating the theoretical nitrogen 
content of the seed in the experimental Kjeldahls. These estimated 
nitrogen values, increased by the average nitrogen content of the 
original nitrate solutions, ought to have approached closely those 
actually found in the experimental Kjeldahls, had no nitrogen been 
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lost in the process of reduction. However, the actual nitrogen 
values, as determined by analysis, fall below the theoretical values, 
indicating a loss of nitrogen almost equal to the entire nitrogen 
content of the nitrate solutions. This experiment was repeated with 
ground wheat seed. The results obtained exhibited the same 
tendency. 


Table 9. — Loss of nitrogen in the process oj reduction of nitrates induced by seed . 


N. in original seed. 


N. in experimental Kjeldahls 




N. in seed 




N. in 




N. in 

kept in 

N. in 


N. in seed seed plus 


Loss of N. 


untreated 

distilled 

original 

Wt. of 

(calcu- 

N. in 

N. actually induced 


seed. 

water. 

solution. 

seed. 

lated). 

solution. 

* found. 

by seed. 


Percent. 

Percent. 

Mg. 

Gms. 

Mg. 

Mg. 

Mg. 

Mg. 

I . 


1.90 

39.58 

3.0184 

38.75 

78.56 

4463 

33 93 

3 . 


1.86 

39 99 

a . 0036 

38 . 47 

78.28 

41.26 

37 02 

3 . 


1.80 

39.86 

3.0310 

38.61 

79.62 

36.77 

42.85 


Average... 1.93 

39.81 








The results of these experiments show that there are certain con- 
ditions under which nitrogen is actually lost in the process of reduc- 
tion of nitrates, emphasizing the possible bearing of the seed-induced 
reduction of nitrates on the nitrogen economy in crop production. 
Should the tendency revealed in these experiments hold true under 
certain field conditions, it would mean not only a change in the form 
of nitrogen occurrence but also a possible loss of nitrogen. 


, Reduction of Nitrates Induced by Organic Fertilizers. 

By way of comparison, organic fertilizers were tested for their 
power to cause reduction of nitrates. The imposed conditions were 
similar to those of the seed experiments : 2 grams of substance ; 
200 cc. of solution; concentration of sodium nitrate, 1000 p.p.m. 
The experiment was begun July 18 and concluded July 25. The 
results are given in Table 10. 


Table 10. — Reduction of nitrates induced, by organic fertilizers. 
(Parts per million of NO*.) 


After 


1 

Organic fertilizers. day. 

Cotton seed meal 20 

Cotton seed meal 50 

Raw bone meal 14 

Raw bone meal 12 

Steamed bone meal 40 

Steamed bone meal 30 

Tankage. 50 

Tankage , 5 0 


Dried blood . . . . ..... . . . 30 

Wheat seed. ....... 2:4 

Wheat seed, . . . . 2. 4 


After 

After 

After 

After 

After 

2 

3 

4 

5 

7 

days. 

days. 

days. 

days. 

days. 

120.0 

150.0 

150.0 

80.0 

Trace 

100. 0 

150.0 

200.0 

225.0 

Trace 

7.5 

2.0 

8.0 

12.5 

8.0 

6.0 

2.0 

6.0 

10. 0 

10. 0 

150.0 

40.0 

Trace 

Trace 

Trace 

125.0 

80.0 

Trace 

Trace 

Trace 

310 

Trace 

Trace 

Trace 

Trace 

5.0 

Trace 

Trace 

Trace 

Trace 

50.0 

Trace 

Trace 

Trace 

Trace 

125.0 

Trace 

Trace 

Trace 

Trace 

50.0 

87.0 

50.0 

3 *o 

Trace 

50.0 

75.0 

50 *o 

30 

Trace 



352 JOURNAL OF THE AMERICAN SOCIETY OF AGRONOMY 

The intensity rate of the reduction phenomenon is to be judged 
by the disappearance of the nitrites. The figures for raw bone 
meal after the first 24 hours already mark a decline of the nitrites, 
the maximum accumulation having occurred some 'time during this 
period. Accordingly., the organic fertilizers, with the exception 
of cottonseed meal, induced a much higher rate of reduction than 
the wheat seed. The higher rate of reduction induced by the organic 
fertilizers was probably due to the greater immediate - availability 
of the nutrients which they contaip. The original contamination 
may also be a factor. 

' In case the organic fertilizers should exhibit a similar behavior 
under field conditions, certain modifications of our agricultural 
practices would suggest themselves. For instance, it may not be 
advisable to apply nitrates simultaneously with organic fertilizers. 

' DISCUSSION OF EXPERIMENTAL RESULTS. 

All the results reported here were obtained under laboratory con- 
ditions. Such results have the general disadvantage of not justify- 
ing the drawing of unqualified conclusions with any degree of safety 
until they are verified under field conditions. The verification in 
this case will present a difficult problem. Conditions approaching 
those of the soil experiments reported here undoubtedly occur in 
some fields, especially between late fall and early spring. The prin- 
cipal difficulty is the demonstration of the tendency. The lowest 
concentration used in this experiment was 100 parts per million of 
sodium nitrate. Such concentrations occur in soils, but they belong 
to the category of high concentrations. Furthermore, these con- 
centrations seldom occur during the seasons which are favorable for 
denitrification, and the amount of organic matter added to the soil 
as dead seed and organic fertilizers is small when compared with the 
quantities used in these experiments. Small differences in the nitrate 
content of soils are not easily demonstrated, nor is it easy to demon- 
strate a response in yield to small differences in the nitrate content 
of soils. 

The overcoming of these difficulties will be left to future experi- 
ments. The discussion at present must be limited to theoretical 
considerations. It is safe to assume that under the proper com- 
bination of circumstances the presence of additional organic matter 
would cause additional denitrification. It is to be expected that the 
denitrification under favorable field conditions would be in a 
measure proportionate to the added amount of organic material. 
Small additions of organic matter would be expected to result in 
a small amount of denitrification. Should this denitrification follow 
ajteng the same lines of development as in the case of the laboratory 
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experiments, it would result in the loss of a certain amount of 
nitrogen. This amount may be small, but it is a loss and should 
be avoided if possible. 

The question consequently centers itself on the fate of the final 
decomposition products of the reduced nitrates. If the reduction 
stops at the nitrite stage or if the nitrogen is converted into some 
form of organic matter, it would be eventually nitrified again. 
Should the ultimate product of reduction be ammonia, the chances 
of any nitrogen loss would be small. The ammonia would be 
arrested by the soil solution and by the soil acids. A loss of nitro- 
gen woyld result only in case the ultimate product of reduction were 
elemental nitrogen. The experiments reported here leave open the 
question as to whether the lost nitrogen escaped as ammonia or 
elemental nitrogen. A German investigation (6) which came to the 
attention of the writer after this work had been completed, how- 
ever, seems to have solved the question by proving the second 
hypothesis. 

Aside from the question of loss, the change of form in itself is 
an important consideration. Nitrates are applied when it is desired 
to supply immediately available nitrogen. Any change from this 
form would partly defeat the object of the application. 

While it is left for the future to define the actual role placed by 
the denitrification caused by seed, certain precautionary measures 
may now be adopted. When practicable no nitrates should be 
applied at the time of planting, but rather late in the fall or early 
in the spring in the case of the winter crops. Preliminary results 
obtained at Arlington seem to favor such a practice. No nitrates 
should be applied simultaneously with organic fertilizers, especially 
at periods when the creation of anaerobic conditions by heavy rain- 
fall may be expected. The possibilities suggested by these experi- 
ments may be used as additional reasons for making every effort 
to obtain seeding material of the highest vitality. They may also 
serve as additional reasons for thorough soil drainage. 

SUMMARY. 

Reduction of nitrates is induced by seed under laboratory 
conditions. 

The quantity of seed, the basic radicles of the common nitrates, 
the concentration of the nitrate solution, and the depth of the liquid 
in which the seed is submerged did not essentially affect the course 
of the process within the limits of these experiments. 

At a temperature of about F. the process of reduction was 
somewhat retarded ; otherwise, it followed its normal course. 
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Growing seedlings produced a smaller quantity of nitrites than 
seed which had been devitalized by heating. The most plausible 
explanation of this phenomenon would seem to be the competition 
between the growing seedling and the reducing organisms which are 
directly responsible for the reduction of nitrates for nutrients stored 
up in the mother seeds. 

Young seedlings induced reduction of nitrates when grown in soil. 
Seed devitalized by heating, as well as that naturally sterile, pro- 
duced an appreciably larger quantify of nitrites than the growing 
seedlings under the same conditions. 

Actual loss of nitrogen was demonstrated as a result of reduction 
of nitrates caused by seed. 
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FUNGI INTERNAL TO MISSOURI SEED CORN OF sgax. 1 

B. B. Branstetter 2 

Since corn root rot has become widespread over the State of 
Missouri it would seem interesting to compare the species of fungi 
found in seed corn from Missouri with the fungi found by investi- 
gators in seed corn of other states. Hoffer and Holbert, (i) a in 
1920, reported two species of Giberella to be most prevalent in 
Indiana and Illinois corn. Valleau, (2) in 1920, found Fusarium 
moniliforme in every sample of corn that he tested. Manns and 
Adams, (3) in 1921, isolated four organisms, Diplodia zeae , Giber- 
ella saubinetii, Fusarium moniliforme, and another organism thought 
to be Cephalosporium sacchari from Delaware seed corn. 

1 Contribution from the Department of Botany, IJniversity of Missouri, 
Columbia, Mo. Received for publication November 9, 1922. 

* Instructor in Field Crops. 

* Reference by number is to “ Literature cited,” p. 357. 
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One of the first tasks undertaken in the study of corn root rot 
at the Missouri Experiment Station was to make a statewide survey 
of the fungi internal to the seed corn. County agents and farmers 
were asked to send in four ordinary seed ears; two with clean, 
white butts and sound tips, and two with black, brown or reddish 
discolorations in the butt end of the cob and with discolored and 
slightly molded tips. Samples of 1921 seed corn were received 
from forty-nine counties, including all the leading corn-growing 
counties in the various sections of the State. As each sample arrived 
the two apparently diseased ears were numbered 1 and 2. The two 
remaining ears, though in most cases not clean or disease-free in the 
writer's judgment, usually bore disease symptoms in a less marked 
degree, and were numbered 3 and 4. Eight kernels, located spirally 
from butt to tip, were removed from each ear. Approximately 
the tip one-sixth of each kernel was cut off with a scalpel, and 
surface sterilized in mercuric chloride solution (1 : 1000). After 
thoroughly washing with sterile water the tip was planted in Petri 
dishes on ordinary potato-dextrose agar, four tips per plate. The 
plates were incubated 20 to 30 days at room temperature or about 
25 0 C. More than one organism grew out of many kernals. Every 
possible combination of two of the organisms listed in Table I was 
observed from a single kernel. In some cases Diplodia seae 
appeared followed by Fusarium moniliforme, but in most cases a 
Fusarium colony was followed with a growth of Cephalosporium. • 
In all such cases, where more than one fungus grew out of a single 
kernel, only the organism that appeared first was counted. Table 1 
shows the relative occurrence of the three species of fungi as found 
in Missouri seed corn. 

Table i. — Showing relative occurrence of fungi found in seed corn . 
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The first group, or badly diseased ears, contained nearly twic£ 
as many kernels infected with Diplodia zcae and Fusarium monili- 
forme as the second group; but the latter group, or apparently 
disease- free ears, contained many more kernels infected with the 
third organism, called Cephalosporium sacchari because it resembles 
the Organism given that name by Manns and Adams in Delaware. 
This can be explained by the fact that both Fusarium moniliforme 
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and Cephalosporium sacchari grew out of many plantings, but since 
the latter organism invariably appeared two to ten days later than 
Fusarium monili forme it was not counted. Therefore, since ears 
i and 2 were so heavily infected with Fusarium monili forme few 
kernels were left out of which Cephalosporium sacchari alone might 
grow. It is interesting to note here that only one culture of Gibcrella 
saubinetii was obtained from more than 1600 plantings. 

After completing this test, the writer went thru the lot of ears 
and very carefully selected all the ears that appeared perfectly 
clean, healthy and sound. In this selection, in addition to selecting 
ears free from conspicuous molds or unsoundnesses, much care 
was taken to avoid brown, black, red or dark discolorations and the 
slightest signs of mold in the butt ends of the cobs and extreme 
tip of the cobs. The idea in mind was to select disease-free or 
nearly disease-free ears on the basis of external ear characters. 
How well this can be done is illustrated in Table 2 ; giving the 
number of fungous infections in disease-free ears selected after the 
manner described above compared with the fungous infections in 
a similar number of ears selected for their diseased appearance. The 
data in Table 2 were complied from the survey reported in Table I. 


Table 2 . — Showing relative infections of apparently sound and apparently 

diseased seed corn. 


Disease record of ears selected 
as disease-free. 
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for diseased appearance. 
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It will be noted that only 19 of the 192 seed ears appeared com- 
pletely clean, sound and healthy. Nine of these ears were disease- 
free in pure culture and only four ears showed as much as 50 percent 
infection; on the other hand, the ears selected for their diseased 
appearance generally showed 100 percent infection. 

The disease survey shows that 1921 Missouri corn was heavily 
infected with Fusarium moniliforme Ccphalosporium sacchari and 
Diplodia zeae in the order named ; that kernels of many ears were 
infected with two species of the above named fungi; and, that with 
a little care one can select comparatively disease-free ears from a 
lot of corn thus eliminating the necessity of using the germinator 
as a means of detecting heavily infected seed ears. 
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BOOK REVIEW. 

Reminiscences, Tales and Anecdotes of the (Rothamsted) Laboratories, 
Staff and Experimental Fields, 1872-1922. 

By Edwin Grey. Rothamsted Experimental Station. 1922. 155 p., Ulus. 

In 1872, twelve-year-old Edwin Grey was one of several village 
boys employed at Rothamsted to separate grasses, clovers and weeds 
from samples of hay. . This “ grass-picking ” coming to an end, Dr. 
Gilbert told him he “ had better go back to school for a bit and if 
there should be a vacancy ” he would let him know. About a year 
later the vacancy occurred and from that time to the present the 
author of this book has been on the permanent staff, rising step 
by step to finally become superintendent of field plots. After this 
fifty years’ connection with Rothamsted, he has prepared this inter- 
esting volume of reminiscences, having the aid of neither diary nor 
notes. 

“ Mr. Grey deals with the more personal side of Rothamsted, with 
the doings of the men themselves . . . down to the humblest 

worker on the plots or in the laboratory . . . This he has set 

down in his own kindly, humorous manner, and from his record 
nothing has been deleted nor has there been any editorial polishing. 
The record stands as he wrote it, a faithful account of the men 
and boys who executed the great work which Lawes and Gilbert 
planned.” (From Preface by Sir Edward Russell.) 

Young Grey was placed under Willis “ who was. highly esteemed 
by Sir Henry and consulted by him in all things appertaining to the 
experiments ”. At certain times of the year WilHs “ made very 



358 JOURNAL OF THE AMERICAN SOCIETY OF AGRONOMY 

voluminous notes " on the crops; “ in fact the more he made and 
the longer they were, the more was Sir Henry pleased Accounts 
of Sir John Lawes’ evening practice of going about the experi- 
mental fields “ with long spud in hand ” observing the plots, or of 
Sir Henry’s extreme care in giving “ instructions as to any special 
work to be undertaken, very seldom verbally, generally by dictation/' 
and having these then read back to him, vie in interest with those 
of Gifkins, who “ worked in the laboratory in the morning, and 
. . . with Sir Henry in his study at night, sometimes until the 

early hours of the morning,” and as clerk of the? parish church 
received callers at the laboratory who came to register births or 
deaths, or with those of Frank, the “ experimental farm man " 
who had been on this work from the commencement of the experi- 
ments in 1843 and who occasionally on Sundays could be seen 
walking and chatting with Sir John on their way home from church, 
both passing away in the same year (1900). 

The solemnity and seriousness of the occasion when later the 
author descended with Warrington into a hole on the plots to assist 
in the taking of soil samples for nitrification investigations — “ all 
done in utter silence and hardly breathing " is in contrast with his 
recollections of “ Professor " King, an early caretaker and ashburner 
in the laboratory, who often used the stick on the young grass- 
pickers and at the Harpenden annual races came forth in gray silk 
hat to assist in the starting of the horses. 

The experimental fields and the methods of handling the land, 
harvesting and threshing the crops receive much attention. On 
lonely Hoosfield a laborer, who spent nearly all his time there weed- 
ing, etc., until he had become “ fed up " with the monotony and 
talked to himself for company, was overheard by the boy complaining 
"I can't stand it. No, nor I won't either. I can't stick it I 
shall tell him (Sir John) I can't put up with it" On Broadbalk, 
the world-famous wheat field, Sir John first tried using school girls 
to pull the grass between the wheat rows, counting upon their hav- 
ing keener eyesight and being more careful than boys. “ Oh! those 
girls were artful. One day as I was passing near the field, I noticed 
them jumping and skipping about; when nearer I stood and watched 
these unusual movements. I then could see that the fore-girl was 
teaching the others how to dance the keel-row. They were linking 
arms and twisting around, in fact having a regular Highland Fling. 
I thought what about the poor wheat plants. However, it soon 
recovered from the severe trampling looking none the worse." 

Even the fields had war experiences, a bomb from a Zeppelin 
striking plot No. 6 in Broadbalk, making a hole n feet deep and 
18 feet across and burying the wheat shocks standing on either 
side. On November 11, 1918, a number of German prisoners were 
assisting in lifting mangolds on the Barnfield plots when near noon, 
being beyond the sound of whistles and bells, a messenger brought 
word that the armistice was signed. All except the prisoners joined 
hands and sang the national anthem. “One of the men named 
Lawrence called to them (the prisoners), * Come in along with us/ 
They at once came in and joined hands.” 
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The book should be read by everyone who wishes “ a picture of 
the machine at work, with the boys gradually being licked into shape 
as they grew up, until they too had absorbed the high traditions and 
could be left in charge of the most important operations with the 
certainty that it would be well done.” (From Preface). — F. J. A. 


AGRONOMIC AFFAIRS. 

MINUTES OF THE ANNUAL MEETING. 

Following are the minutes of the fifteenth annual meeting of the American 
Society of Agronomy, held at Washington, D. C., on November 20 and 21, 
1922. 

Morning Session, Monday, November 20, 1922. 

The Society was called to order at 9:30 a. m. by President L. E. Call, of 
the Kansas Agricultural College, in the New Ebbitt Hotel. Over one hun- 
dred and fifty members were present. The session consisted in a symposium 
on phosphorus arranged by Dr. F. E. Bear of the Ohio State University. The 
following papers were presented : 

The Effects of Phosphate on Early Growth and Maturity, Prof. Chas. F. 
Noll, Pennsylvania State College, State College, Pa. 

The Foraging Power of Plants for Phosphate Rock, Dr. F. C Bauer, Uni- 
versity of Illinois, Urbana, 111 . 

Methods of Distribution of Phosphate Fertilizers, Prof. S. B. Haskell, 
Mass. Agr. College, Amherst, Mass. 

The Necessity of Sulfur Carriers in Artificial Fertilizers, Dr. William 
Crocker, Thompson Institute of Plant Research, Yonkers, N. Y. 

President Call announced the appointment of the following committees : 

Nominating — Prof. C. A. Moocrs, Dr. C. R. Ball, Dr. J. G. Lipman. 

Auditing— Prof. Geo. Roberts, Dr. A. G. McCall, Prof. C. W. Warburton. 

Resolutions — Dr. C. V. Piper, Dr. S. B. Haskell, Prof. M. F. Miller. 

Afternoon Session, Monday, November 20, 1922. 

Meeting called to order at 2 :oo p. m. by President Call. One hundred and 
sixty-five present. Symposium on phosphorus continued. The following 
papers were presented : 

Organic Phosphorus in Soils, Dr. Oswald Schreiner, Bureau of Plant 
Industry, U. S. D. A., Washington, D. C. 

Chemical Analyses to Determine Phosphate Needs, Prof. Emil Truog, Univ. 
of Wisconsin, Madison, Wisconsin. 

The Economic Use of Phosphate Deposits, Dr. W. H. Waggaman, Bureau 
of Soils, U. S. D. A., Washington, D. C. 

President Call then called for the report of some of the standing commit- 
tees of the Society, 

In the absence of the Chairman, Prof. C. A. Moocrs read the following: 

REPORT OF THE COMMITTEE ON THE STANDARDIZATION OF FIELD EXPERIMENTS. 

The committee recommends the adoption of the report made last year and 
published in Vol. 13, No. 9, page 368 of the Journal with the following minor 
modifications: 
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Page 369 — Under “ Uniformity of Soil ”, insert after first sentence, “A soil 
profile to the depth of three feet is highly desirable for each series of 
plots.” 

Page 370— Under u Uniform Stand of Plants ”, insert “ tested ” after first 
word of first paragraph. 

Page 372 — Under “ The Plats 99 insert in second paragraph “ Wherever possi- 
ble the same number of series should be planted on each piece of land ”. 
Page 372 — Under “ Replication of Plats ” in fourth sentence change “ May 
be reduced to any point considered necessary ” to “ may be considerably 
reduced ”. 

Page 373 — -Under “ Determining Yields” in the last line of the third para- 
graph under this head omit “ in the case of late maturing varieties of 99 , 
Page 373 — Under “The Publication and Interpretation of Results” the 
Society should decide whether or not methods of calculating probable 
error should be suggested. 

It was moved and carried that the full report of the committee as published 
with the modifications suggested be adopted with the understanding that the 
change in the wording under “ probable error ” be considered by the Society 
at conclusion of the symposium on statistical methods. 

The committee filed a complete bibliography on field experiments. (To 
be published later. — Editor.) 

The committee on terminology reported as follows, Dr. Piper presenting 
the report : 

Your committee begs to report that it has failed to accomplish what it 
hoped during the past year partly owing to the illness of its chairman. The 
aim of the committee, namely, a glossary of agronomic terms is now also an 
official desideratum of the U. S. Dept, of Agriculture, so that it is believed 
official aid can be secured for the committee's work. It is confidently 
believed that a preliminary glossary in multigraph form can be issued during 
the year 1923. 

C. V. Piper, Chairman . 

C. R. Ball, 

H. L. Shantz. 

Dr. H. K. Hayes reported for the Committee on Varietal Standardization 
as follows: 

report of the committee on varietal standardization. 

The efforts of the Committee on Varietal Standardization have been carried 
on largely through correspondence. The subjects which have been discussed 
are listed under the following general headings : 

1. Adoption of the best available varietal classifications. 

2. Co-operation between experiment stations located in similar crop areas 

for the purpose of testing and of standardizing varieties. 

3. The development of a method* of registration of varieties so that new 

and valuable stocks may be better known and made available to more 
investigators. 

The committee believes that the most recent and logical classification of 
any given crop should be adopted. Any particular classification, however, 
will be subject to continual revision. It is suggested that a committee of 
varietal classification (including terminology) be appointed. The suggested 
duties of this committee would be to act as a medium for the collection of 
Criticisms regarding the working value of the classifications adopted, to sug- 
gest changes when such appear desirable and to aid in developing the classi- 
fication of crop plants for which classifications are not now available. 
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Classifications of some of the farm crop plants have been made and these 
are now available. The Committee has examined these with a view to their 
adoption by the Society. It is the opinion of this Committee that the follow- 
ing varietal classifications should be adopted by the American Society of 
Agronomy: The classification of cultivated varieties of oats by Etheridge; 
the classification of commercial varieties of wheat by Clark, Martin and 
Bail; and the classification of cultivated varieties of barley of Wiggans. 

For the purpose of showing the possibilities of co-operation in varietal 
experiments in those sections where such co-operative experiments are not 
yet established, a co-operative varietal trial was arranged with men in charge 
of farm crops in the following stations: Minnesota, North Dakota, South 
Dakota, Michigan, Wisconsin, and Iowa. The following farm crops were 
used in this co-operative study : oats, barley, spring wheat, winter rye, soy- 
beans, and flax. To illustrate the work which is being carried on, a list of 
the varieties furnished by Mr. A. C. Arny of the Minnesota station and Mr. 
J. F. Cox of the Michigan station are given here: 

Mr. A. C. Arny, University farm, St. Paul, Minn. 

OATS 

Sixty Day, Minn. 674 (for the early oat sections) 

Minota, Minn. 512 (mid-season variety) 

BARLEY 

Manchuria, Minn. 184 
RYE 

Minnesota No. 2 
SPRING WHEAT 

Marquis, Minn. Accession No. 1239 (Common) 

Mindttm, Minn. 470 (Durum) 

WINTER WHEAT 

Minturki, Minn. 1507 
SOYBEANS 

Minsoy, Minn. 139 (early) 

Chestnut, Minn, no (medium) 

Mr. J. F. Cox, East Lansing, Michigan. 

OATS 

Wolverine 

BARLEY 

Mich-2- row 

Michigan Black Barbless 
BEANS 
Robust 
SOYBEANS 
Manchu 
Ito San 

Each of the men in charge of varietal experiments in the various states 
supplied similar lists of varieties of each of the various crops. Seed was 
then furnished other co-operators by each of the men who entered the co- 
operation. In several sections of the country similar co-operative varietal 
experiments have been arranged for by the United States Department of 
Agriculture. It is almost necessary that some central agency arrange for 
such co-operation, and for making the results available to all co-operators. 
It is the wish of the Society that other co-operative trials be arranged for by 
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the committee or should such co-operation be left to the officials of the U. S. 
Department of Agriculture and of various State stations ? 

While the adoption of the best available varietal classifications is now per- 
haps the most important work in varietal standardization this will not neces- 
sarily lead to the desired results; without some further method of handling 
varieties. It is accordingly the opinion of your committee that the next 
important step which should be taken is the development of a method of 
registration of merit of new varieties which are of high performance or plant 
breeding importance. 

A variety, in order to establish high performance, must have been tested 
in comparable replicated trials for a period of three to five years at a Federal 
or State experiment station. The variety must have a performance record 
significantly better than the standard commercial variety with which it has 
been compared. 

To establish plant breeding importance, a variety must have some economic 
character in which it ex cells to such a degree that it is being used in hybridiza- 
tion for the purpose of combining in one variety this favorable character with 
other important characters. 

It seems to the members of the committee that the logical place for registra- 
tion of new varieties is the U. S. Department of Agriculture. The develop- 
ment of a new : office for the handling of registration would necessitate a 
special appropriation, whereas the utilization of present offices would allow the 
work to be started in the near future. Classifications suggested for adoption 
include the cereal crops : wheat, oats, and barley. A good start could be made 
by having registration for these crops handled by the office of- Cereal Investi- 
gations. We suggest the registration of all commercial varieties which are 
now included in the classifications which this committee has recommended 
for adoption by the Society. At the time of a request for registration of 
other varieties, the history of the variety must be given, including perform- 
ance records and the commercial distribution or statements of the use and 
particular value of the variety to the plant breeder. Head and grain samples 
must be furnished and a suitable name suggested. We urge the use, by all 
workers, of the rules of nomenclature which have been previously adopted 
by the Society. 

For the purpose of bringing these problems before the Society so that 
definite action may be taken and this important project may be started 
immediately, the following motions are made : 

1. That the varietal classifications of wheat by Clark, Martin and Ball; of 

oats by Etheridge; and of barley by Wiggans, be adopted by the American 
Society of Agronomy. ' 

2. That registration of varieties of wheat, of oats, and of barley be delegated 
to the office of Cereal Investigations. 

3. That all commercial varieties now included in the classifications sug- 
gested for adoption be registered. That in submitting new varieties for regis- 
tration the histories, head and grain samples, and performance record be 
furnished. That all varieties of high performance or plant breeding value 
(according to definitions given) be eligible for registration of merit. / 

4. That a committee be appointed with power to act for the purpose of 
drawing up detailed plans for registration and that these plans be published 
in the Journal of the American Society of Agronomy. 
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The following suggestion is made : 

1. That a committee of varietal classification (including terminology) be 
appointed. 


John H. Parker, 
J. Allen Clark, 
R. J. Garber, 

A. B. Connor, 


H. K. Hayes, Chairman. 
R. G. Wiggans, 

E. F. Gaines, 

H. G. Hastings* 


The report of the committee was received and adopted and the committee 
continued.* 

The report of the Committee on an Intercollegiate Grain Judging Contest 
was presented by Prof. J. H. Parker, as follows : 


REPORT OF THE COMMITTEE OF AN INTERCOLLEGIATE GRAIN JUDGING C011TEST 

In order to ascertain the attitude of the men responsible for crops teaching 
in the various Agricultural Colleges in the United States and Canada, a tenta- 
tive plan was formulated and submitted to them in September and October 
of 1921, together with a questionnaire and a request for suggestions. 

Questionnaires to the number of fifty-one were sent out and forty-one were 
returned, filled out and a number of suggestions accompanied them. Of this 
number twenty-five indicated that they would probably prepare judging teams 
in the event a contest were held in connection with the International Live 
Stock Exposition in 1922. A full report was read at the annual meeting in 
New Orleans in November, 1921. The report was accepted at that time and 
the committee continued. 

The matter of holding a contest in 1922 was considered in conference with 
officials of the International Live Stock Exposition during the 1921 meeting 
in Chicago. That organization had been considering a contest previously 
and two men representing it were added to the committee. 

The enlarged committee met immediately and discussed in detail the tenta- 
tive plan. A number of suggestions were made. With all the suggestions in 
mind, another plan was formulated and sent out. A copy of the revised 
plan is attached. 

At a meeting of the management of the International Live Stock Exposi- 
tion, held early in 1922, it was thought best on account of lack of facilities 
not to attempt to hold a contest in December of this year. It was suggested 
that a contest be held at each institution as far as possible or that neighboring 
institutions arrange for contests. 

A letter was sent out to each institution urging that this be done and that 
reports be 9ent to the chairman of the committee. 

A. C. Arny, Chairman . 

S. C. Salmon, 

Joseph F. Cox. 

The report of the committee was adopted and the committee continued. 

Dr. J. G. Lipman made a brief report on the International Congress of 
Pedologists held in the spring at Prague. He suggested that for the next 
Congress, representatives of the American Society of Agronomy be chosen so 
that the Society might be officially represented. 
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Evening Session, Monday, November 20, 1922. 

The annual dinner of the Society was held at 6:30 in the New Ebbitt Hotel. 

President L. E. Call gave his presidential address on “ Increasing the 
Efficiency of Agronomic Research.” 

The report of the Secretary was read and received. The report follows : 

REPORT OF THE SECRETARY. 

I beg -to submit herewith the report of the Secretary for the past year. 

Membership . — The membership of the Society has been increased to a very 
encouraging extent during the year, 197 new members being enrolled. 
This increase is due in large measure to the efforts of President Call, who, 
early in the year, secured the aid of a special representative of the Society 
in every State and in eight foreign countries, in enlarging the membership. 

The Society is certainly much indebted to all these men for their efforts 
in its behalf and many might be mentioned who have secured several new 
members. The record goes to Dr. F. E. Bear of Ohio, who has sent in 36 
names. 

The Secretary has aided in some cases by circularizing the entire county 
agent list in the particular state and several hundred letters have been sent 
from his office in this connection. It might be well to mention here that 
several of the representatives have requested sample copies of the Journal to 
be utilized in their campaigns, but it has been impossible to comply with these 
requests owing to the fact that the supply of back numbers is not large 
enough to use in this way. It has been suggested that the Editor arrange 
for the printing of an extra large number of copies of some one or two issues, 
so that a supply may be available for distribution as sample copies. It would 
undoubtedly aid materially in securing new members if a sample of the 
Journal could be sent to each prospect. Whether or not the expense would 
be warranted is, of course, problematical. 

At the present time the membership of the Society numbers 775 and there 
is a subscription list of H 5 * Fourteen new subscriptions have been added 
during the year and 10 have been withdrawn. Sixty-one members were 
dropped on January 1st, 52 for non-payment of dues and 9 for lack of correct 
addresses, and 27 resigned, making a total loss of 88. This leaves a net gain 
for the year of 109. On November 1, however, over 100 members have not 
paid their dues for the present year. Three notices have been sent out and 
possibly one more attempt should be made to secure the dues from these 
delinquents. 

The method of sending the Journal for an entire year tp all members, 
whether or not their dues are paid, means a considerable financial loss to the 
Society and the Secretary would urge that action be taken requiring the 
payment of dues by March 1st or the dropping of names at that time. This 
method is followed successfully in other societies. Reinstatement may be 
readily accomplished by the payment of back dues and members who really 
wish to stay in the Society will be anxious not to miss any issues of the 
Journal. Holding members on the rolls for a year, with dues unpaid, does 
not aid financially or in any other way as too large a proportion drop out at 
the end of the year. Those who do reinstate would be just as likely to do so 
earlier and less expense would be involved in collecting their dues. 
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Dtfes.— The announcement of the annual .meeting of the Society called the 
attention of the members to the financial status of the Society and the desir- 
ability of increasing the dues in order not only to permit of paying the cost 
of the Journal as published at present, but also to provide for twelve issues 
instead of nine and for a larger Journal. At present there is an annual 
deficit of about $900 and frequently only seven or eight numbers are issued 
during the year. If the dues are increased to $5.00, it should be possible to 
publish twelve issues and if the income of the Society can be increased to 
some extent by advertising, it may be possible to get out a larger Journal. 

Several members have written expressing their approval of an increase in 
dues and only one has been opposed. It seems probable that a large part 
of the present membership can be retained even with a larger fee. 

Advertising . — The inclusion of advertising in' the Journal was discussed at 
the last annual meeting of the Society and the matter was left in the hands 
of the Executive Committee. In the summer it was put up to the Secretary 
and early in September correspondence was taken up with various commercial 
concerns. An original letter has been sent to each company, presenting the 
claims of the Society, urging the desirability of placing advertising in the 
Journal and setting forth the price of space, this being fixed by the Editor. 
The number of letters sent out may be seen from the following figures : 


Fertilizer Companies 436 

Chemical Supply Houses 14 

Seed Companies 11 

Farm Machinery Companies 6 

Legume Culture Companies 6 

Lime Companies 7 


It is too soon to give results as many of these letters have been sent out 
rather recently. Four advertisements have been secured and several com- 
panies have indicated that they would take up the matter the first of the year 
when their new advertising appropriations became available. It is hoped 
that considerable revenue may be secured from this source. 

Meetings . -^-After considerable difficulty a program was arranged for a 
winter meeting of the Society at Toronto last year, with the American Asso- 
ciation for the Advancement of Science. A report of this meeting has been 
made in Science and some of the papers presented have been published. It 
was a most successful meeting with a good attendance. 

Resolutions adopted at that meeting pertaining to the continuance of the 
Journal of Agricultural Research and the Experiment Station Record were 
transmitted to the Chairmen of the Congressional Committees on Agriculture 
and courteous replies were received. A resolution urging affiliation of the 
Soil Survey Workers 1 Association with the Society was also adopted and has 
been forwarded to that Association. 

A meeting has been arranged to be held this winter at Boston with the 
A. A. A. S. under the general charge of the New England Section of the 
Society. Director S. B. Haskell is acting as the representative of the Society 
and a symposium on Soil Toxicity has been arranged by Dr. B. L. Hartwell. 
The meeting is to be held on Friday, December 29th, and a joint dinner with 
Section O (Agriculture) will take place on Thursday evening. 

The matter of the annual meeting of the Society will be taken up by Presi- 
dent Call who has had considerable correspondence in regard to it. Invita- 
tions have been received by the Secretary from San Francisco, Chicago and 
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West Baden, Indiana. The A. A. A. S. meets next year at Cincinnati and 
there is some possibility of the Federation of Biological Societies meeting at 
some other place. 

The Society was invited to sponsor the Lime Conference held by the Ten- 
nessee Agricultural Experiment Station at Knoxville, Tenn., early in Septem- 
ber, but unfortunately none of the officers of the Society were able to attend. 
The meeting was undoubtedly a most enjoyable one. 

The Federation of Biological Societies. — Upon invitation of the National 
Research Council the Secretary attended a meeting at Toronto where the 
proposal for a Federation of Biological Societies was discussed. At a later 
conference held in Washington in April, the Society was represented by 
President Call who will undoubtedly have a special report to make. The 
action of this meeting together with the proposed Constiution of the Federa- 
tion have been published in Science. The Society should consider whether 
or not it will affiliate with the Federation. 

Constitution Revisions. — At the last annual meeting a proposal was made 
to revise the constitutional provisions for the election of officers. After 
considerable correspondence the following new clauses of the Constitution 
are suggested: 

Article VI, The officers shall consist of a President, a Secretary-Treasurer 
and an Executive Committee composed of one member from each geographical 
section of the Society, the two officers mentioned and the Presidents of all 
affiliated societies as ex-officio members. 

Article VII, The duties of these officers shall be those usually pertaining 
to their respective offices. The term of the President shall be for one year 
or until his successor has been elected. The members of the Executive Com- 
mittee shall be elected for such a term of years that one member will retire 
annually. The Secretary-Treasurer shall be appointed by the Executive 
Committee. 

Distribution of Journals . — The entire reserve supply of back numbers of 
the Journal was shipped to the Secretary by Prof. Warburton early in the 
year and are now available for distribution from his office. Many copies have 
been sold during the year but it is no longer possible to supply complete sets 
as one number of Volume VIII is exhausted. Several other numbers of the 
same volume will very soon be out. The practice of selling these Journals 
at a reduced price to members has been continued and this plan will 
undoubtedly be followed unless the Secretary receives other instructions from 
the Society. Six complete sets of the Journal except for No. 4 of Volume 
VIII were sent without charge to the American Committee to aid Russian 
scientists. This action was taken upon the order of the Executive Committee. 

In conclusion the Secretary would express his indebtedness to all those 
who have so cordially supported the work of his office during the year and 
especially the aid and support given by President Call and Editor Thatcher 
who have maintained a prompt and extensive Correspondence with him 
throughout the year. 

Respectfully submitted, 

P. E. Brown, Seeteiaty, 
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* The report of the Treasurer as follows was read and received: 

REPORT OF THE TREASURER. 

I beg to submit herewith the report of the Treasurer for the year: 

Receipts. 


Balance last report $883.14 

Journals sold 201.08 

Reprints sold 32 0.39 

Dues 1921 and older 77.00 

Dues 1922 1,326.53 

Dues, new members, 1922 588.40 

Subscriptions 1921 and older.* 74.20 

Subscriptions 1922 252.37 

Subscriptions, new, 1922 37.30 

Dues and subscriptions 1923 27.30 

Life membership 50.00 

Refund on Journal (from printer) 40.02 

Refund on freight 16.90 

Texas Associate Members (11) 5.50 


Total receipts $3,902.13 


Disbursements. 

Printing the Journal, Reprints, Halftones, etc., (9 issues Septem- 
ber, 1921-September, 1922, inc.) $3,211.97 

Miscellaneous printing, (letterheads, envelopes, programs, etc.) .... 134-25 

Stamps 95.00 

Freight and express, (reserve supply Journals) 182.10 

Miscellaneous items, (telegrams, refunds, exchange on checks, etc.) 39-93 


Total disbursements $3,663.25 


Receipts $3,902.13 

Disbursements 3,663*25 


Balance on hand $238.88 


Respectfully submitted, 

P. E. Brown, Treasurer. 

The report of the Editor was presented as follows: 

REPORT OF THE EDITOR. 

After a rather inauspicious beginning, the work of editing and publishing 
the 1922 volume of the Journal of the American Society of Agronomy has 
proceeded very satisfactorily. 

When I assumed the editorship of January tst, I found that neither the 
November nor the December issues for 1921 had yet been received from the 
printers and that there were likely to be long delays in getting future issues 
through the presses of the company which had been publishing the Journal 
for several years., For this, and other reasons, I decided to solicit -bids for 
the printing and distribution of the Journal from other concerns; with the 
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result that a contract was entered into with the present publishers, on some* 
^ what more favorable terms than have prevailed in former years and with a 
guaranty of prompt publication. 

The material for the January issue having gone forward to the former 
publishers and being long delayed by them, it was deemed wisest to regard 
this as a combined January^February issue and to make the March issue the 
first one to be distributed under the new contract. This issue came out 
promptly on March 15th. Unfortunately, the former publishers were not 
able to get the January-February issue into the mails until March 21st, and 
considerable confusion resulted. However, from that time forward the suc- 
ceeding issues were distributed promptly and in regular order. 

Further, a new mailing system was inaugurated with the change in pub- 
lishers, the mailing list was carefully corrected up to date and is now easily 
kept correct by changes each month. So far as I am aware, the whole mat- 
ter of the actual publication and distribution of the Journal is now pro- 
ceeding very satisfactorily, and at approximately 15 per cent less expense to 
the Society than in former years. 

The former editor, Mr. C. W. Warburton, turned over to me twenty-three 
manuscripts of papers which had accumulated in his hands since December, 
1920, and the Secretary of the Society seqt to me nineteen other papers which 
had been read at the New Orleans and Toronto meetings in 1921. This 
appeared to offer more material than could be used in the Journal for a year 
to come. However, four of the MSS. were subsequently withdrawn by their 
authors and three were considered by the editorial board as not suitable for 
publication in the Journal. Twenty additional papers have been received 
from their authors during the year, of which sixteen were accepted for pub- 
lication. In several cases, authors were requested to condense or abridge their 
manuscripts, and in every case where it could be done without seriously 
lessening the efficiency of the presentation, illustrations were omitted, so as 
to reduce the cost of publication. 

The final result is that all except three of the papers which have been 
accepted have appeared in the Journal. It is hoped that these three and 
the President’s annual address which is to be read at this meeting can be 
printed in the December issue of the Journal; so that the Society’s publica- 
tion dut^ may be said to have been completely fulfilled, and we will be able 
to begin with the January issue the publication of the papers which are 
presented at this meeting. 

The report of the Secretary-Treasurer will show that this result has been 
secured only by creating a deficit in the treasury of the Society. This situa- 
tion was foreseen a year ago and the problem of more adequate financing was 
discussed at the New Orleans meeting, at which time the question of admit- 
ting advertising to the Journal, as a means of increasing bur revenues, was 
referred to the Executive Committee with power to act in the matter. After 
the situation became acute, the committee authorized the soliciting of adver- 
tising by the Secretary, and) a small amount has been secured and used in the 
last three issues of the Journal. The revenue from this source has been 
small as yet, but there are favorable indications that it may be increased 
after January 1st, next, so as to be of material assistance in financing the 
publication of the Journal. ' . . • 

It is greatly to be hoped that available funds can be provided to increase 
the number of issues of the Journal to twelve each yearj as there is ample 
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excellent material to fill the pages of a regular monthly Journal. If the 
members of the Society are willing to accept a reasonable increase in dues, 
and if some additional income from advertising becomes available, it appears 
that the accumulated deficit can be gradually wiped out and the issuance of 
twelve numbers of the Journal per year can be assured. 

In order to establish a definite policy in a matter concerning which there 
has been some question recently, I recommend that all papers which are pre- 
sented at any meeting of the Society become the property of the Society for 
first publication in its Journal, unless released for publication elsewhere by 
the editorial board. 

Respectfully submitted, 

# R. W. Thatcher, Editor . 

The report was received with the thanks of the Society and the approval 
of his recommendation that papers read at the annual meeting become the 
property of the Society unless released by the Editorial Board. 

Dr. C. V. Piper was called on for the report of the Committee on Co- 
operation with the National Research Council. Dr. Piper made a few remarks 
regarding the working of the National Research Council and introduced Dr. 
J. G. Lipman, the new chairman of the committee. 

Dr. A. G. McCall made a brief report for the sub-committee of the 
National Research Council on Salt Requirements of Plants. 

Dr. C. V. Piper reported briefly on the Pasture Project being handled by 
a sub-committee of the National Research Council. 

The entire report of the Committee on Co-operation with the National 
Research Council was adopted. (To be published later. — Editor.) 

The report of the Committee on a national organization of agronomy 
students was presented by Prof. Parker. The report was received and the 
committee continued. 

Editor Thatcher spoke briefly of the need for an increase in dues and it 
was moved and carried that the dues be increased to five dollars — the By- 
Law of the Society specifying dues to be changed as follows : 

By-Law (1) — “The annual dues for each active and associate member shall 
be $5.00 payable on or before March 1.” 

It was moved and carried that By-Law (2) be modified to read as follows: 
By-Law (2)— “Any member in arrears on March 1 for dues for the current 
year, shall be dropped from the rolls of the Society. Reinstatement to 
membership may be accomplished without action by the Society upon 
payment of such arrears.” 

The proposed revisions of the Constitution as given in the Secretary's 
report were read. 

It was moved and carried that the proposed new articles of the Constitu- 
tion as proposed be adopted, the Executive Committee to interpret the 
articles and provide for the carrying out of the provisions, the changes to 
take effect next year at the annual meeting. 

It was moved and carried that the American Society of Agronomy affiliate 
with the Federation of Biological Societies. 

President Call spoke on the matter of the place of the annual meeting and 
told of the results of his correspondence with officials of Land Grant Col- 
leges. The selection of the place of meeting was left in the hands of the 
Executive Committee. 

It was moved and carried that a special committee of five be appointed 
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to wait on the Secretary of Agriculture to request the assistance of the 
Department in the endeavor of the American Society of Agronomy to bring 
about the registration of crop varieties. 

It was moved by Dr. E. O. Fippin and carried that the Executive Com- 
mittee report at the next annual meeting on the practicability of arranging a 
paper, by one of the older agronomists, of broad outlook, either in connection 
with or independent of current symposia, giving a broad survey of a prac- 
tical phase of agronomy showing the status of the subject in the research 
work of the country, its ramifications into adjacent scientific and economic 
fields, the apparent major attainments and the points wherein knowledge is 
missing or deficient, together with suggestions of ways in which there can be 
practical co-operation between the workers at different stations in promoting 
broad, well balanced progress in the knowledge of the subject in hand. 

Prof. Geo. Roberts reported that the auditing committee had examined 
the books of the Treasurer and found them correct. 

The report was adopted. 

Prof. C. A. Mooers reported the following nominations for officers for the 
next year. 

President— *Di rector S. B. Haskell, Mass. Agr. Expt. Sta., Amherst, Mass. 

First Vice-President — Professor M. F. Miller, Univ. of Missouri, Columbia, 
Mo. 

Second Vice-President — Professor Emil Truog, Univ. of Wisconsin, Madi- 
son, Wis. 

Secretary-Treasurer — Dr. P. E. Brown, Iowa State College, Ames, Iowa. 

Representative on Botanical Abstracts , 4 years — Dr. H. K. Hayes, Univ. 
of Minnesota, St. Paul, Minn. 

Representative on Committee on Co-operation with the National Research 
Council , 5 years — Professor C. W. Warburton, Bureau of Plant Industry, 
Washington, D. C. 

Representative on the Council of the American Association for the Advance- 
ment of Science, 1 year — Professor W. L. Slate, Jr., Connecticut Agr. Experi- 
ment Sta., Storrs, Conn. 

The report of the committee was adopted and the Secretary instructed to 
cast a unanimous ballot for the officers named. They were accordingly 
declared elected. 

Dr. Piper reported for the committee on resolutions as follows: 

Resolved ; That the thanks of the Society be extended to the management 
of the New Ebbitt Hotel for the accommodations extended to the Society 
in holding its 15th annual meeting; and that to Prof. C. W. Warburton 
be extended the thanks of the Society for the aid given and the trouble 
taken to make the meeting a success. 

Resolved: That the Society extend its thanks and appreciation to the officers 
of the past year, particularly for the painstaking and effective service 
rendered by its Secertary, Dr. P. E. Brown, and for the energy and 
enthusiasm put into the work by its President, Prof. L. E. Call, and its 
Editor, Dr. R. W. Thatcher. 

Resolved ; That the Society express its thanks to Dr. F. E. Beat foe the 
logical and efficient way in which he developed the Symposium on Phos- 
phorus and to Dr, W. C. Etheridge and Dr. fi. H. Love for the very 
* enjoyable programs arranged for the Symposia on Teaching Methods and 
oft Experimental Error. 
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Upon motion these resolutions were adopted. 

It was moved and carried that two committees be appointed, one to con- 
tinue the study of the teaching of crops and the other the teaching of soils. 

Morning Session, Tuesday, November 21, 1922. 

9:00 A. M. 

Symposium on the Improvement of Agronomy Teaching. 

Leader : Dr. W. C. Etheridge. 

Report on the Progress in Standardizing the Elementary College Course in 
Soils, Prof. P. E. Karraker, University of Kentucky, Lexington, Ky. 

Report on the Progress in , Standardizing the Elementary Course in Field 
Crops, Dr. W. C. Etheridge, University of Missouri, Columbia, Mo. 

The Organization of an Introductory Course in Soils and the Extent to 
Which it Should be Placed on the Basis of Pure Science, Dr. H. O. Buckman, 
Cornell University, Ithaca, N. Y. 

The Relation of the Elementary College Courses in Field Crops and Soils 
to Those Offered in Smith-Hughes Schools, Prof. W. L. Burlison, University 
of Illinois, Urbana, 111 . 

Read and discussed by Prof. M. F. Miller, University of Missouri, Columbia, 
Mo. 

Comparative Grades in Field Crops Courses, Prof. T. K. Wolfe, Virginia 
Polytechnic Institute, Blacksburg, Va. 

Laboratory Instruction in Field Crops, Prof. John H. Parker, Kansas 
State Agr. College, Manhattan, Kansas. 

Tuesday Afternoon Session, November 21, 1922. 

2:00 P. M. 

Symposium on the Application of Statistical Methods to the Results of 
Field Tests. 

Leader : Dr. H. H. Love. 

The Importance of the Probable Error Concept in the Interpretation of 
Experimental Results, Dr. H. H. Love, Cornell University, Ithaca, N. Y. 

The Service of Statistical Formulae in the Analysis of Plot Yields, Dr. 
J. Arthur Harris, Station for Experimental Evolution, Carnegie Institution, 
Pittsburg, Pa. 

Controlling Experimental Error in Nursery Trials, Dr. H. K. Hayes, 
University of Minnesota, St. Paul, Minn. 

Some Limitations in the Application of the Theory of Probable Errors to 
Field Experiments, Prof. S. C. Salmon, Kansas Agricultural College, Man- 
hattan. Kansas. (Read by title only.) 

Analysis and Interpretation of Data Obtained in Comparative Tests of 
Potatoes, Dr. G H. Myers and Mrs. F. R. Perry, Cornell University, Ithaca, 
N. Y. 

Replication in Relation to Accuracy in Plot Tests, Prof. Robert Summerby, 
Macdonald College, Canada. 

Competition as a Source of Error in Com Yield Determinations, Prof. 

A. Kiesselbach, University of Nebraska, Lincoln, Neb. 

Meeting adjourned. 


P. E. Brown, Secretary. 
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PROGRAM FOR THE BOSTON MEETING OF THE 

SOCIETY. 

Under the direction of Dr. R, L. Hartwell, there has been arranged as the 
program for a day's session of the Society in affiliation with Section O of 
the American Association for the Advancement of Science, at Boston, on 
December 39, 1922, a symposium entitled “ Soil Toxicity in its Relationships to 
Economic Crop Production.” The symposium is to consist of twenty-minute 
presentations of the several aspects of the problem indicated below, followed 
by general discussions ; with the understanding that the complete papers may 
be submitted for publication in this Journal. 

The general topics to be presented in the symposium are as follows: 

Gile, P. L., Washington, D. C. Methods of Diagnosing Toxicity. Kinds— 
detection and measurement — dosage or economic treatment prescribed 
from measurements by different methods. • 

Hoffer, G. N., Indiana. Accumulation of Aluminum in Plants and Its Prob- 
able Relation to Susceptibility to Disease. Influence of toxic soil con- 
ditions on injury associated with pathogenic organisms. 

Kelley, W. P., California. Specific Toxic Factors Met With in Alkali Soils. 
Application also to soils of humid climates — chlorosis— overliming — ex- 
cessive concentration of fertilizer salts. 

Livingston, B. E., Maryland. Effects of Toxic Soil Conditions on Physio- 
logical Disturbances of Crops. Botanical aspects — absorption— clogging 
by colloids— ecological relations — influence of rate of transpiration. 
McCall, A. G., Maryland. Influence of Acidity Itself on Plant Growth 
Without Regard to Other Factors. On the presence of deleterious con- 
centrations in soils — resistance of different crops to acidity itself. 

Morse, F. W., Massachusetts. Influence of Plane of Nutrition on Suscepti- 
bility to Injury from Toxic Concentrations. Anti-toxic or antagonistic 
effect of plant nutrients. 

Schreiner, O., Washington, D. C Organic Toxic Substances. Recognition 
—elimination— green-manure relations. 

Thatcher, R. W., New York. Effect of Crops on Each Other. Grown 
togthcr or in succession — toxicity as modified by crops — beneficial soil 
treatments. 

Truog, E m Wisconsin. Relative Immunity of Different Crops to Toxic Soil 
Conditions. Chemistry involved. 

Whiting, A. L., Illinois. Inorganic Toxjc Substances. Aluminum, etc. — 
associated bacterial relations — biological conditions associated with tempo- 
rary toxicity. 
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